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INTRODUCTI ON
Cataract is now generally regarde d as synonymous
with want of pellucidity of the cry s talline lens or its
capsule(12), or may be de f ined as a lens with an opacity
resulting from the respon s e of the lens to injury.
term, injury, is used h e re in the broad sense.

The

This

definition is based on the commonly accented conception
in general pathology that disease represe n ts t he resp onse of the tissue to injury(39).
Although the above d e f inition s are perhaps representative of modern concepts of cataract, it would pos sibly be well to g o back into the older literature in
order to learn how thi s disea s ed condition of the
crystalline lens was thought of a few centuries ago.
Hippocrates wa~ the fir s t wr it e r and phy s ician
who mentioned a blui sh color to the lens, which he
probably saw in a case of senile catract.

Cornelius

Celsus(5 B. C. )believed that some "perspired matter
caused suffusion" and appeared as a turbidity.
ing to Galen,
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hypochyma 11 was form ed by a

of coagulated fluid back of the iris.

11

Accord-

falling down"

This conce p t

of c a taract was still authoritativ e in the middle ag es,
when the term cataract was employed.
Modern research on cararact began in 1643, when
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Quar~~ taught that cataract was not coagulat ed fluid,
but a turbidity of the lens.

Remigius Lasnier was the

first surgeon who claimed that in treatment he did not
push back a membrane, but the lens itself.

Rollfinck

proved that anatomically cataract is a disease of the
/

lens, and in this he confirmed Quarre's theory.

Pierre

Borel in 1653 and Peter Cas s endi, at about the same time,
substantiated his claim.

Nevertheless, mo s t of his con-

temporary colleagues upheld Galen's ideas.

A few years

later the new ideas had again been forgotten, until two
A

French physic!ans, Brisseau and Antoine Maitre -Jan, succeeded in proving, after long disputes, that Galen's
school was wrong.

Others upheld the new theory, and in

1708 the Parisian Academy approved of it officially(33).
Despite the fact that the official approval of the
Parisian Academy was given the theory of Brisseau and

"
Maitre-Jan
in 1708, twenty-ei ght years later, in 1736,
John Taylor of London in his monograph on the eye , still
presented both sides of the question, and defined the
disease this way:

By a Cataract I understant a diseas'd

Alteration of the Cbrystalline, attende d with Degrees
of an uneq~al Opacity of Colour, Loss of Diameter , preternatural Change of its Consi stance, Magnitude, Figure ,7!7di7!'!.t 1-,,s
one unequal Continuity, while thro' all its Parts its
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Capsula still continues to have its healthful Transparency; and in another State of it, it has Degrees of
equal Opacity and Colour.

Increase of Diameter, pre-

ternatural Change of its Consistence, Gravity, and
Situation; and here the Chrystalline suffers a Solution
of Continuity in some or all of its Parts, with a
diseas'd Alteration of its Capsula.

The former I call

the ·true, and the latter the false Cataract.
But before Taylor defines cataract in this way,
he discusses the disease quite at length, with a view
to presenting both sides of this controversial auestion, and- brings forth some rathe r sound deductions.
He says--and I quote him directly--What the Greeks call
Hypochyma, and the Latins, Suffusio, is one and the
same Disease, known by the Name of Cataract.
Authors are not agreed about the Nature of a Cat-

aract, some pretend that it is a Substance of a membranous Appearance, formed from a diseas 1 s Alteration
of the aqueous Humour; others, tha t it is a Substance
of a membranous Appearance form'd from~, separated
by a Loss of Continuity of the Vessels of t h e ~ ; and
others on the contrary assert, that there are no membranous Cataracts, but that all Cataracts are an Alteration of the chrystalline Humour itself.
They who believe that a Cataract is a Substance

4

of a membranous Anpearance from a diseas'd Alteration
of the aqueous Humour, tell us, That when any impure
Particles are emitted into the a queou s Hummour

or

an

improper Quality, Figure, or Magnitude, to pass on in
the usual Circulation; they continue moving about in
this Humour, till by their Levity or Viscidit y they assemble tog ether behind the Pupil, and b y degree s obtain
the Consistence and Opacity of a Pellicle or Membrane.
If we con s ider the Situation and di f ferent Quantity of the aqueous Humour in the two Chambers of the
Eye, with the manner of its Suppli e s, we shall be encourag1d to believe that such a ~ubstance of a membr anous Appearance would rathe r form i t self in the anterior
than in the po s terior Chamb er; and s ince we h ave no
In s tance of a Cataract b e ing f orm 1d in the anterior
Chamber, we may very reasonably conclude that no Cataract can be form'd fr om any diseas 1s Alteration of the
aqueous Humour.
They who believe that a Cataract is a Substance
of a membranou s Appearance form'd from~, sep arated
by a Loss of Continuity of the Ve ssels of t h e ~ '
tell us, That the obstructed Vessels of the Uvea in an
Inflan?j/tion, emit a whitish Pus into the posterior
Chamber of the aqueou s , which by it s Viscidity adheares
to the Circumference of the Pup il, and forms a membranous
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Cataract.
Experience daily prov e s the Error of this Hypothesis; for if we observe the different Positions of Cataract in the several Degrees of its Progress, we shall
perceive that it begins in the Seat of the Chrystalline,
and as its Opacity increases, it appears to rise towards
the Center of the Pupil, and that in its last State
it admits Light to pass bewteen the Capsula of the Chrystalline and inner Edge of the Pupil, in a sufficient
Quantity to discover Shades of Objects.
Whereas if a Cataract adhered t o the inner Edge
of the Pupil in all or part of its Circumference, it
would not only proportionally hinder the Light from
passing to the immediate Organ of Si ght, but stop the
free Motions of the Iris; and if we suppose from the
softness of its Texture it would not stop the Motions
of the Iris, we must allow some Change in its Figure,
depending upon such Motions; and since Experience
makes it evident that the Catarac.t maintain s v ery ne a rly, if not exactly, the Figure of t h e healt hfu l Chrystalline in ev ery St ate of this Disease, we may very ;·
reasonably conclude , t h at n o Cataract can be form'd from
Pus, separated by a Los s of Continuity of the Vessels of
the Uvea.
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They who maintain that a Cataract is an Alteration
of the Chrystalline Humour, have proved it by such a vast
Variety of unquestionable Experiments, I think(in the
Time I write) 1 tis a generally received Opinion.

I shall

therefore only endeavour to demonstra.t e that there are
no membranous Cataracts, but that all Cataracts are an
Alteration of the Chrystalline Hum~ur itself.
The question is then, Whether there are membranous
Cataracts?

Or whether all Cataracts are an Alteration

of the chrystalline Humour?
I was at first inclined to believe, that all Cataracts were from an Alteration of the Chrystalline; and
was afterwards strengthened in my Opinion, from the vast
Number of Errors in the Sentiments of those who favour
the Existence of a membranous Cataract.

And my Opin-

ion receiv'd further Support, from having never found
any Alteration in the posterior Chamber of the Aoueous
that had the least Analogy to the Acocount we have of a
Membranous Cataract; but hav e alwayR remarked in examining the Pupil, from the first Appearance of every
Species of this Disease, Degrees of Whiteness, and
Opacity in the Seat of the Chrystalline; and that in the
Progress of their Symptoms, this Whiteness and Opacity
has always continued in· that Seat, advancing towards
the aenter of the Pupil, and maintaining nearly, if not
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exactly, the Figure of a healthful Chrystalline.
Besides, if a Cataract could be formed by any
Alteration in the posterior Chamber of the Aqueous, I
might reasonably have expected to have seen one Instance
in such a vast Number of Disorders of this Kind, which
have presented to my Care; and I mu s t of Necessity have
known it from that of a diseas's Chrystalline, from its
Figure, Situation, and Opacity, consider'd from the Make
of the posterior Chamber of the Aqueous.
Since therefore not one Instance of a membranous
Cataract has presented to my Observation, notwithstanding
I have been long favour'd with a very exten~ive Practice
in the Diseases incident to the Eye; and that if such
an Instance could be found, it appears impossible to
account for its Formation, or to remove it, without effectually destroying the essential Parts of Sight, I am
persuaded _that there are no Cataracts but what are from
an Alteration of the chry s tall ine Humour( 5f7).

CHAPTER I
THE NORMAL LENS- -PHYSIOLOGY, CHEMISTRY,
GROWTH, AND SENESCENCE
The literature on the etiolog y of senile
cataract is so voluminous that any attempt to review
all of the literature wou ld b e an imp oss ibl e undertaking.

Therefore, in this paper, an at temp t will be

made to review only those articles which can be considered imn ortan t contribution s to t he liter ature
on the e tiology of senile cataract.
Etiology includes pathology and p athogenesis,
the d evelopment and generation of t he condition.
While the study of the latter must necessarily be
clinical, etiology i s based not only on clinical observations of the changes which may occur locally,
but also in the organism g enerally, by conditions of
life which obs e rvations lead us to think ar e causative
factors in disease.
It is most es s ential in th e pre s ent ~t ag8 of our
knowledge of t he e tiology of cataract that the dif fe rent
branches of the subj e ct be kept distinct, and t hat the
data arrived at from the study of each br anch b e carefully collated and estimated before the final que s tion
of etiology is settled .

For instance, to attribute
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the cau f e of cataract to the pre sence of fat or cry s tals
1n the lens or increase in its mineral content is
erroneous.

It is true that eac h or all may constitute

the opacity, but the fact is tha t they are only indicators of a chang e, the actual cause of which may be
much further afield than the lens itself(l2}.
Before proceeding to anything like a detailed
consideration of the etiological factors in cataract,
we mu s t know something of its pathology and fort.his,
a knowledge of normal lental nutrition is essential.
Our present knowledge of the nutrition of the
lens 1s mo s t meagre and fragmentary.

Science so far

has left unsolved the problem of the nutrition of the
individual cells, and the lens, owing to its complexity, pre s ents problems as regards its nutrition of
well-nigh insuperable difficulty.

Endowed with the

property of p ersistent growth by equatorial accretion
of fibres born of its capsular epithelium, and completely isolated from blood supply, surrounded only by the
intra-ocular fluid which we know is subject to physiological fluctuation in such physical constants as osmotic
pressure and surface tension, it possesses a remarkable
elasticity( controlled by muscular action~·and a pellucidi ty, growth, and construction of the greatest com-
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plexity, features all of which argue for a productive
nutrition most perfect and complex.
The metabolism of the lens is its nutrition
through suitable substances, those not assimilated or
poisonous telling us nothingof its nutrition.

For this

reason, experiments performed with human and animal
lenses in vivo and in vitro have led to unjustifiable
conclusions regarding its normal nutrition and metabolism.
Outside the body, death of the lens is indicated
b:, separation of the epithelium from its capsule, imbibi tion of water, ,,,1th increase in weight and volume
and the escape of the soluble albumin thru its capsular
walls.

All observers agree that its metabolism is

slow.
There can be no doubt that its nutrition depends
on its relation to the constituents of normal blood
and aqueous, and there is almo st universal agreement
th at the nutritive fluid is supplied b y the ciliary
body and partially by the ciliary processes.
Our knowledge is defective of the composition
and physical constants of the normal intraocular fluid
the manner in which the lens appropriates its food,
what it take s up, and the quantity and time taken in
assimilation, as well as the anabolic and catabolic
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activ~ty of the crystalline cells.

The intra-ocular

fluid on which the lens depends has a volume of 2 to
3 ccs., a specific gravity of 1006-1009, is alkaline,
and contains about 1% of inorganic substances, NaCl,
alkaline sulfates, phosphates, and alkaline earths.
In addition to albumin and globulin, it has been
found to contain glucose, urea, paralactic acid, and
an unorganized ferment.

The vitreour fluid is similar,

but contains a substance resembling mucin(hylo-mucoid).
Both contain oxygen and

co 2 •

The amount of salts is

approximately the same as in the lymph, but it contains
about 400 times less albumin, which Botlazzi and Scalinici have shown probably has its origin in the blood,
as it has not the character of the lenticular protein.
It contains no fibrinogen, ·and the albumin is made up
of e qual portions of serum globulin and serum albumin.
According to Roemer, the aqueous is remarkably free
from cytotoxins, the secretory apparatus oft he eye
apparently excluding all bodies(derived albumins with
strong chemical affinity)with cytotoxic action from
the intra-ocular fluids.
These derived albumins of which we have spoken
are probably superfluous for the nutrition of the lens,
and it is hardly likely that they are injurious as the

12
latter does not appear to be affected by their increase in the aqueous, after, say, a subconjunctival
injection of NaCl.

If they are, it points to these-

cretory apparatus of the eye as having an imp ortant role
to fulfill as regards the preserv a tion of the lens.
An important question in lental nutrition is that
of the osmotic pressure of the aqueous in its relation
to the blood serum, and on this point there is great
difference of opinion.

Some agree that it is higher,

and others say that it is the same.

Hamburger beliv e d

tha t the aqueous was hypertonic ~s compared with serum,
and that the lens was in equilibrium with its natural
medium.

Hamburger's method of determining the osmotic

pressure we consider as crude for such a fluid as the
aqueous.

He measured the height of the column of blood

cells in the different fluids, and deduced the osmotic
pressure from the assumption that in two fluids of similar osmotic pressure the height of a given volume of
blood cells was the same..

Nuel found the osmotic pres-

sure of the aqueous and blood serum the same, and Roemer apparently demonstrated that the physiological fluctuation of the osmotic pres sure of the blood serum
(which was not inconsiderable) was transmitted to the
aqueous, and that the lens was adapted to them as
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blood cells to the blood serum.
The surface tension of the . aqueous humor in senile cataract, which is preferred to the osmotic pressure, both for ease of determination and accuracy, has
b e en stu~d carefully, and it has been found that it
approximated more to that of water than in the normal.
It has also been learned tha t there was a more rapid
interchange proceeding between the aqueous and the lens
in cataract than in normal metabolism, with the abstrsction of the soluble albtnnin and products of the
cataractous change resulting finally in diminution in
size.
It is of interest to noticij the relation between
the surface tension of the aqueous in cataract, and the
diminished osmotic pressure and high free ~ing point of
'

the urine as found by Grilli in cataractous patients.
A high freezing point and low osmotic pressure indicate
a deficiency in urea and probably other substances.
The agreement of the two observations is very suggestive of a kidney-function deficiency in senile cataract,
and a similarity in function between the secretory organ of the eye and that of the kidney.
The 1·e ns, by its capsule, is probably protected
in much the same manner as blood corpuscles, their en-
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velop preventing the escape of hemoglogin, and limiting
the entrance of water.

In an analoeous manner the cap-

' sule and epitheltum guard the lens.

As to the latter

there is complete unanimity of opinion, and experimental
evidence is overwhelmingly strong.

That both are of im-

portance is highly probable, for if a small capsular
wound is made and remains open, many more lens fibres
become swollen and disintegrated than when such is not
the case, although little of the epithelium has been
injured.

It may be objected that the posterior capsule

has no epithelium, and yet the lens is protected against
the i~tra-ocular fluid, but it must be remembered that
the lens fibres are inserted into the posterior capsule
by broad ends, forming a fine mosaic which acts like an
epithelium.

Fluid from the vitreous enters the lens

o~ly with difficulty; hence a wound in the posterior
capsule results in little opacity.

We come now to the

important question as to how the lens obtains its food,
and here we are largely indebted to Leber.
He has shown that while fluid may pos r ible enter
by filtration it is most unlikely, if not highly imp~D~~
able, that filtration ever occurs in the living eye.
There are no canals in the lens or pores in the capsule
and the question arises:

Is the latter permeable, and

for what kind of substance?

I
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Leber found that the inorganic salts penetrate
t he lens most easily.

Org anic substances exhibit

considerable difference.

Of the carbohydrates, gly-

cogen d oe s not enter at all.

Cane sugar enters in

small quantit~es during the first twelve hours and
rapidly in the succeeding twelve.
Of the albumins, hemoglobin penetrates the outermost layers of the cortex.
all.

Peptone does not enter at

Isotonic solution of different substances showed

that the lens possesses little or no diffusion power.
The diffusion of such bodies as KI into the lens is
extremely slow, and is slower stil l with the lens in
the eye.

Substances introduced into the blood are

always demonstrable in the lens much later than in
any other part of the body, if at all.

The remark-

ably slow dif~usion into t~e lens is probably due to
the fact that the endosmosis is not a true one on
account of the protective, selective action of the
epithelium.
The path of the nutritive substances is evidently
the intercellular material, protoplasm itself exerting
much g r e ater resistance.
The crystalline lens is remarkably hygroscopic,
a feature due to its albumin, and of consider aTule im-
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portance not only in connection with the production,
of traumatic cataract, but also the maintenance of its
normal nutrition and transparency by molecular imbibition.
There are two distinct periods of swelling of
the lens after injury.

The first, water penetrates

the lens and causes it to swell uniformly, and in the
second it accumulates between the capsule and the lens.
Experiments have shown that the percentage increase
in. weight is less when the capsule is removed than
when it is present.

This is due to the diffusion

from the lens of the soluble protein, so that the
larger the rent made in the capsule, the less the
swelling.

In frogs, only localized opacity in the

capsule results from needling, and this may clear
up completely.
Important as diffu sion and osmosis are in the
nutrition of every cell, they are insufficient alone
to account for celi nutrition, for it is highly probable that all cells, including those of the lens,
appropriate their nutriment by specific affinity,
each cell selecting the substance it needs, and that
only those which have a specific affinity can enter
it.

17
Leber's idea is probably the correct one--namely,
that the lens draws its food supply from any and every
place where nutriment has free access.
There is a difference of opinion as to the importance of the anterior surface in this connection,
but there is clinical evidence to prove (the be~inning
of diabetic cataract, for example) that upon the anterior surface rests largely the onus of meeting the
main food supply of the lens.

This is further sub-

stantiated, as Hess pointed out, but the presence of
vessels on its anterior surface up to the time of
birth, and such vascular developement indicates the
need of nutrition at this place.

It is most un-

likely that this should suddenly cease here.

We

know that both anabolic and katabolic activity take
place in all living protoplasm, but of the proces s es
we know nothing.

The same may be said of the lens.

So far, therefore, we can state that the food
of the lens is secured b y it throgh a modified
endosmosis of the intra-ocular fluid, a molecular
inbibition, and in all probability a specific affinity
of its protoplasm.

Disturbance of this nutrition is

the initial factor and cause of cataract.

When the

nutrition is interfered with, deleterious substances

I
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obtain access to its protoplasm, resulting in secondary chemical changes, the products of which constitute the opacity.
An investigation of these changes leads us nat-

urally to a consideration of the pathology of cataract
but first a word or two on pigmentation of the lens.
The lens, in the evolution of senility, becomes
sclerosed, a process which consists in the transformation of its protein from soluble to insoluble albu- .
minoid.

With this sclerosis, increasin~ progressively

with age, the more central fibres composing the nucleus
become colored, the color varying from light amber
to brownish red.

In extreme cases, clinically known

as black cataract, no opacity is present, defective
vision being due to absorption and reflection of the
light and not to opacity.

Some writers consider the

condition one of pure sclerosis, others that it is
'

due to hematin or melanin or other coloring matter
derived from the blood but this is hardly tenable
today, Dor wisely remarking that the tinting has no
relation whatever to the pigment of the blood as it
starts in t he nucleus.

Spectroscopic examination

of the lenses by Hess, Roemer, Witalinski and others
have failed to detect the presence of blood pigment

I
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in any one of them.

The pigmentation is probably due

to the tyrosine, the amino acid being split off from
the albumin molecule probably by a very slow hydrolysis
and oxidized immediately b y an oxidase in the lens.
The conversion of the cortex into insoluble
albuminoid of the nucleus, accelerated by li ght and
possibly by heat, accounts f or the observation of
Hirschberg that cataract matures twenty years earlier
in India than it does with us.

The rarity o.f black

cataract (Elschnig and Zynek found one black and
seven amber cataracts in 1500 extractions in five
years) is a function of the ferment which is a vari. able quantity.
In 1906, the amino acid tyrosin e was f irst dis.c overed in the senile cataractous lens, which is
the result of the hydrolysis of the lento-proteid.
It has occurred in all lenses and also in the
aqueous humor.

It appears to exist in larger amounts

associated with Bright's disease and when albumin
is present in the urine, and is much less in diabetic

cataract.

Cholesterin has been known to occ u r in the

healthy lens for years, to the ext ent of 6 to 7%.
Leucin, to the same amount, and many of the cases of
crystals shown clinically in the l e ns are due to
cholesterin .

I
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The presence of crystalline or other chemical
bodies occurring in the lens in cataract associated
with Bri ght's disease, diabetes, lamellar cataract,
coralliform cataract, and probably other types, if
carefully examined, proves conclusively that cataract
is the result of chemical decomposition occu rring in
the lens, at any rate in its primary forms, however
diverse in character they may appear, the apparent
diversity being a function of the existing case,
and it is believed that all primary cortical cataracts
are alike, and that differences in clinical appearance are to be attributed to the variation in the
origin, characteristics and critical concentration
of the exciting cause.
A lot of work bas been done in connection
with variation in such constants as weight, volume,
and water content of the clear lens at different
ages and in cataract, in the hope that some clue as
to the cause of the latter might be found.

These

factors enter largely into the elaboration of the
old dehydration-nuclear shrinkage theory of Becker
and DeWecker and the later hydration theory of Dor.
Both weight , volume, and water content decrease, as
Kuhne and Collins have shown, in . mature cataract, the
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latter weighing lenses in t heir capsule.

Sir William

Collins says the prevalent teachin~ of solidification
and cornification of the lens as a natural s enile
chang e is responsible for the equally prevalent doctrine
that chang es in the lens which we speak of as senile
cataract are, in fact, mere ly inten s ified or accelerated
senile changes.
Investiga tions lead one to believe that they are
nothing of the kind, and in some respects the chang es
exhibited b y cataractous lenses a r e the reverse of those
which a ge alone brin~s.

Such lenses are unlike old

lenses, less in bulk, and lighter in we i ght than
clear lenses of corresp onding ages.

It is rare to

find a cataract weighting as much as 200 mgms., a
weight usually passed by the healthy lens at f orty.

If cataracts were premature senility we should exp ect
to find cataract weighting heavier, or li ghter, than
healthy lens.

In addition, .ther are certain chemical

bodies--cholesterin, leucin, and fat--found in excess.
Alcoholic and aqueous extract both show increase over
those of the healthy lens.

The presence of such favor

the view that they hav e been oc cas i oned b~ transformation of albumin of the normal lens, presumable due
to some failure in nutrition.

A theory of hydrolysis

22
ea s i l y explains what Collins here suggests.

Briefly

described, it is a simple decomposition resulting from
the assimilation by the proteid molecule of the lens,
of the constituents of a molecule of water, to use a
chemical phrase, with the production of new substances
entirely.

This theory accounts for many changes in lental
pathology:-1)

The presence of tyrosine in the aqueous

after needling the clear Jens.
discission for myopia.

It has been found after

The changes here are imbibition,

decomposition, solution, and abstraction b y the aqueous
of soluble products--in short, the c.ataractous process.
2)

Its presence in the aqueous and lens

in senile cataract.
3)
cosuria.

The findings in albuminuria and gly-

This is the only theort which accounts for

the black cataract, and pigmentation of the lens
generally, and for the diminished weight of the .
cataractous as compar ed with the c l ear lens of the
same age.
It am.mounts for the more frequent position of
the opacity in the cortex (subcapsular being the most
common form of seni l e cataract clinically), the nu-
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cleus often being qui~e free, the cortex hydrolyzing
more readily than the nucleus.

It accounts for the

observation of D~r that the lental albumin is much
less and sometimes disappears, because it is hydrolyzed
and carried away by the aqueous (12) •
In order to comp lete our background for the thorough understanding of the various theories which have
been put forth in regard to the etiology of s enile cataract, a unde r standing of the normal chemistry of the lens
is also essential, and for this let us turn to Krause's
.recent a r ticle.
The author states that there i s reason to believe
that the chemical physiology of the lens is similar to
that of other body tissues.

During evolutionary devel-

opment of the organism, the general o lan of tissues
is modified structurally and chemically to form a ohysical lens in the visual apparatus so that the animal,
man, may better adapt himself to his envinoment.

The

lens has primarily a vital survial value only and occurs
in ma.ny forms in other organisms, generally for receiving light and rarely for projecting light.

The lens

is transparent and optically denser t h an the adjacent
fluid and tissues so that it may serve its purpose.
Its transparency is probably not a retention of the
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tran slucency of embryonal tissues, as is commonly asserted, for innumerable adult transparent tissues and
organs occur in natu~e for which there is no optical
function.
The Chemical Composition or the Lens:

The first

step in the study of the normal chemical physiology of
the lens is the analysis of the various compounds which
form and take part in the reactions occurring within it.
If a rough approximation may be made of the mumber and
kinds of lenses used in analytical work in the past,
one may give estimates of 500 rabbit lenses, 1000 human
lenses, and 120,000 bovine lenses.
For convenience, the lens may be considered as
composed of three frac t ions :
and extractives(see Table . I).

Namely, pro t eins, lipids,
The division of these

fractions is chiefly based on the general grouping of
technical . procedures used in the analysis of tissues.
Proteins:

The lens is composed of an unusual

amount of protein, the detailed metabolism of which
need not be given here.

In the first stage of growth

the lens fiber is mainly made of a l bumin(gamma crystallin of Woods), alpha, and beta crystallin .

As the

lens fiber ages -6 alpha crystallin is slowly changed
into insoluble albuminoid, while b e ta crystalline re-
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ma i ns p ractically constant in amount.

The mucoprotein

which may be the cementing substance of the fibers
and may be in part composed of substances that make
the protein of the capsule, has little to do with the
other proteins within the lens fiber.

Stimulation

of the epithelial cells, however, may increase the formation of the hyalin capsular protein.
As may be seen b y the table of analysis of lenticular proteins, the proteins are composed of the common amino acids(Table II).

The analyses are qualitative-

ly and quantitatively incomplete and other amino acids
may be discovered ~ater.
For the sY»thesis of the lenticular proteins,
smino acids enter the cells after passing through the
capsule from the aqueous humor.

Whether or not the

protein is formed form conjugation of simple chains
of amino acids or from the addition of sin~le amino
acids to build a complex polypeptid, called protein,
is unkown.

It seems as if the simpler lenticular

proteins, such as proteases and peptones, only h e lp
to hold the more complex proteins in solution and are
not merely precursors of proteins of higher molecular
weight, for they persist in relatively fair quantities
is mature fibers.

I
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Lipids:

The lipids in the lens are similar to

those found in other tissues and take part in vital
processes(Table I).
known.

Their function is relatively un-

By analogy, there is reason to believe that cho-

lesterol arises within the lens, for it i s formed
and oxidized b v other tissue8.

The fats, perhaps,

hav e no energy value, for the lens derives its energy
chiefly from carbohydrates and its growth from amino
acids.

The more complex lipids, such as lecithins and

kephalins, are in part necessary for the life of the
cell.
Wa-ter-soluble Extractives:

The more activ e meta-

bolic substances are in solution and they fall particularly under the title of water-soluble extractives (Table

I).

The mo s t important metabo lic p rocess in the lens

is that which involes the c arb ohydrate, glucose.

The

energy derived from the bre aRdown of g lucose is used
for maintenance of cells at and above a vital basic
e quilibrium for the growth of the ep ithe lial cell s and
fibers, and for the formation of t he capsule.
Most of the energy is derived from the proces s
which forms lactic acid from gluco s e( Fi g . I).
proces s evidently occ ,·rs in c yclic e quilibrium.

This
One of

the hi gh points of metabolic activity s eems to deal
with adenosine triphosphate , which i s derived from a-

I
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deny lic acid by the exchange of phosphates f rom act ive hexose phosphate.

A part of the h exo s e phosphate

is split into two carbohydrates cont aining three carbon atoms which react and rearrange molecularly to form
lactic acid.

Certain ferments and coferments are neces-

sary to bring about these changes, wh ich requir e no
oxyg en but which g ive up energy f or othe r vital process e s, such a s growt h and the maintenance of vital equi-

librium.

That the chief carbohydrate metabolism is

the breakdown of g lucose to lactic adid is indicated
by the seeming lack of cytochrome in the l ens.

Ap-

parently the l ens contain s no iron respiratory enzyme
of Keilin--that is, cytochrome--and no enxyme(Atmungsferment)of Warbu_t;..

If this i s true it di f f ers

in this r e spect from the rest of the tis sues of the eye
and body with the possible exception of the cornea.
This apparent abs ence of cytochrome may explain the
fact t hat the lactic acid be comes decr eased in the
a queous in aphakia.
A sm~ller p art of t h e energy of the l ens evidently come s f r om the oxidation of lactic acid to CO2 and
water(Fig. I).

In contrast to the mechanism which con-

verts glucose to lactic acid, this progres s requires
oxygen .

Lactic acid undergoes man y direct and c yclic

28
reactions.

Some of the produ cts formed from lactic

acid in these reactions are pyruvic, malic, succinic,
fumaric, formic, and oxaloacetic acids.

Since oxy-

gen in solution does not oxidize these substances, enzymes are n e cessary.

In aerobic oxidation, which occurs

in practically all mammalian tissue, cytochrome and
indophenol oxidase play an important part .

Since these

substances have not been found in the lens so far, this
type of oxidation may not occur in the lens.

The lens

evidently has an u nknown dehydrogenase system and has
another system which aoparently is related to flavin,
or Vitamin G, and the enzyme, adenyl nicoltinicamide
phosphate.

Both of these systems seem to cause enzy-

matic oxidation in the lens.

The part glutathione plays

in lenticular, much less in tis sue, oxidation is doubtful.

According to Hop kins it may act as a hydrogen ac-

ceptor in oxidations and ma y also effect the conversion
of methylglyoxal to lactic acid.
The significance of othe r organic substances in
4 ellular activity is in doubt.

Carnosine and inositol

occur in relativly large amounts and supposedly have
an important function.

As corbic acid is seemingly

unnecessary for lenticular vitality, although Veasey(580
reports the decrea s e of t h is substance from a content
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of 30 mgms. per hundred g rams of l e ns material in the
normal lens, to l i)Omgms. p er hundred g r ams of lens
material in cataractous l~nses.

Creatinine is concerned

in the metabolism of creatine and creatine phosphate.
Citric acid, methylguanidine, oxalic acid, and ethyl
alcohol ar e substances which as y e t have no place in
the vital scheme.

Amino acid& are needed to make pro-

teins, and also the p eptides--carnosine and glutathione-and amino acid derivatives such as s p ermine.

Not much

is known concerning the actual role these substances
play in the lenticular processes with the p os s ible excep tion of glutathione.

Much investigation will be

necessary before these substances ma y be f itted into
the metabolic mosaic of the lens.
The inorginie substances have many functions in
the lenticular economy.

The basic and acidic ions

g ive a protoplasmic e quilibrium.

Calcium evidently

hinders the solution of the protein after an op en-

wound injury of the lens.

Magnesium take s a n e cessary

part as a co-enzyme in t he exchang e of phosp hat e in
glycolysis.

Potassium enters int o the intracellular

reaction occ u rring within the p rotoplasm and n u cleus.
Chloride is the common inorg anic anion which h e l p s
in the maintenance o f the acid-base e quilibrium and
the distribution of water.

Carbon dioxide is derived
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fr om oxidation of lactic acid and perhaps other substances.

No iron or coppe r has been fo und in the lens.

Growth:

Abrief description of the normal growth

of the lens in necessary to the understanding_ of the
dicusssion of the pathology of the lens which will follow, for during growth chemical changes take place which
influence the physical structure and play a part in the
physiology of the lens.
The formation of the lens begins with the p roliferati·o n of the ectodermal ep ithelial cells over the
primary optic ves icle to form the lens plate.

From the

invagination of th~s p late arises the lens vesicle.
The posterior cells lengthen and fill the vesicle.
peripheral epithelial cells form the capsule.

The

During

life the equatorial cells of the anterior epithelium
elongate and form concentric layers around the first
posterior cells, filling the vesicle.

The older layers

b ecome more central as the young er Ja yers are laid down
peripherally.
The metabolism of the l ens is not at a constant
level throughout life because the :e ns grows and later
becomes senile, like other tissues in the body of man
and higher animals.

The metabolism varies with the

rate of growth and therefore is greatest with the formation of the lens and decreases during life as the lens
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grows.

In the early period of growth, water, the med-

ium in which the substances react, is present in relatively great amount.

The water-soluble substances

such as organic phosphates and metabolic acids are in
high concentr ation.

As time passes and the metabolic

activity decreases these metabolic substances also decrease in amount.
able reports.

This fact is recorded in innumer-

Moreover along with the aging proce~s

the soluble alpha crystallin turns into insoluble
albuminoid.

This change of protein with age is com-

paratively slow in proportion to the rapid growth in
the beginning and is faster in the adult lens.

For

example the subcapsular cortex contains little or no
albuminoid until the lens practically stops growing,
but in contrast, the senile nucleus is mostly albuminoid.

This fact is shown b y the following evidence:

The ratio of insoluble albuminoid to soluble protein
in the whole lens is 6:26 at five weeks, 15:19 at
four years, and 21:15 at twelve years.

Comparing

six equal fractions fo weight in passing from the
cortex to the nucleus, the ratio of insoluble albuminoid to soluble alpha crystallin in one year old
lenses is 0.5:99.5, 5:95, 7:93, 10:90, 13:87, and
39:61.

The r ati o of beta crystallin to total protein

is practically constant in the same respective weight

32
strata.

Thus as the fiber of the cortex in time be-

comes the fiber of the nucleus the soluble alpha
crystallin turns into insoluble albuminoid.

With in-

crease of albuminoid the fiber tends to hold less water
and becomes mor e optically dense.

There i s reason to

believe that albuminoid micelles are de spersed in
solution of other proteins and as they become large
aggregations of micelles they become more visible.
Sensecence:

The total growth of the lens reaches

asymptotically toward a maximum.

It is regular execpt,

perhaps, in periods of physiological stress, such as
birth and puberty, for which ther are indications in the
finer structure of the lens.

In mammals the growth of

the Jens is definitely limited long · before senescence
begins.

In man it is prolonged in the period of youth,

which extends beyond the corresponding physiological
time of other mammals.

Furthermore, in man as in other

m~ls, it is probable that the size of the lens varies
with the nutrition and t he racial stock.

For these

reasons it may appear that the human lens grows anomalously for an infinite time.

There are no unquestion-

able published data on the relation of weight to the
age of the human lens.

It is possible that some

ophthalmologist in a town with a uniform population,
studying specially , fres h non-pathological lenses,
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wi11 ·be able to answer this question definitely.
Senescence begins a f ter maturity.

It is observed

in the lens as well as in other tissues of the body.
In senility, the hair turns gray, the menopau s e sets in,
the skin becomes atrop~c, and so on.

The lenticular

process is similar to that o~ other tissues.

There is ·

evidence for the inheritance of lengevity of the body,
the organs, and the lens.

In fact, Steinhaus and Ber-

stein found that there is a relationship between degree
of lenticular sclerosis and biological age of the body.
The processes of senescence may be either rapid or
slow, and, in contrast to the growing lens, the cataboaic activity exceeds the anabolic.

If senescence of

the lens is sufficiently advanced the cells begin to die.
From the foregoing discussion, one ma y understand
that there are many dynamic, cyclic, and direct processes that are taking place simultaneously in the lens.
Various enzymes and substances are involved in many
equilibria in the aqueous media.
and broken down.

Substances are formed

Some are eliminated and ot-hers are

ac ouired by ·way of the flow of the aqueous humor through
the cap sule.

As the growth approaches a maximum, the

metabolism reciprocally approaches minimum.

A derange-

ment of metabolism may be caused by a deficiency of
vital substanc..e-s or by the accumulation of metabo-
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lites.

It may be the result of the interference with,

or acceleration of, one or more reactions in the lens
b y change of temperature, action of toxic substances,
or any other means.

Furthermore, an altered len-

ticular metabolism may be interited in the same manner
as other defective chemical conditions, for example,

such as congential tyrosinosis or cystinuria.

If the

metabolic dysfunction is sufficiently severe or prolonged, an opacity may be the result(39).

I

TABLE I

(j_(-ro415 e)

APPROXDJATE CHEMICALCOMPOSITION OF THE
WHOLE LENS IN PERC ENT OF WET WEI GHT
OF ONE~YEAR-OLD BOVINE LENSES
Weter••••••••••••··•••••••••••••••••••• •••••••••••67.0

Protein
Capusle••• • •••••••••••••••••••••••••••••••••••••0•33
Album1noid•••••••••~••••••••••••••••••••••••••••3•7

Alpha Crystalline ••••••••••••••••••••••••••••••• 9.6
Beta crystalline ••••••••••••••••.•••••••••••••••• 15.9
Albumin•••••••••••••••••••••••••••••••••••••••••0.45
Peptone•••••••••••••••••••••••••••••·••••••·••••0•06
Nucleoprotein ••••••••••••••••••••••••••••••••••• 0.02
Mucoprotein ••• ·• ••••••••••••·•••·••••••••·· ••••••0•25
Lipids
Lecithins ••••••••••••••••••••••••••••••••••••••• 0.12
Kephalins •••••••••• ••• •••••••••••••••••••••••••• 0.03
Sphingomyeline ••••••••••••••••• •• ••••••••••••••• 0.04
Cerebrosides •••••••••••• ••••••••••••••••••••••• 0.004
Cholesterol ••••••••••••••••••••••••••••••••••••• 0.07

Fsts•••••••••••••••••••·•··••••••••••··•••••••••0•004

"Ceroteno1ds"•••••~•••••••••••••••••••••••••••••0•0002
Free Fatty Ac1ds••••••••••••••••••••••••••••••••0•002
Other unsaponiriable substances ••••••·•••••••·•••0•05

Weter-Soluble Extractives
Carnosine ••••••••••••••••••••••• • ••••••••••••••• 0.0047
Sperm1ne•••••••••••••••••••••••·•••••••••·•··•••0•0043
Creatine •••••••••••••••••••••••••••••••••••••••• 0.028
Creatinine •••••••••••••••••••••••••••••••••••••• 0.004

Inositol ••••••••••••••••••••••••••••••••••• ·••••• 0.150
Citric Ac1d•••••••••••••••••••••••••••••••••••••0•002
Melic Acid••••••••••••••••••••••••••••••••••••••0.01
Urea••••••••••••••••••••••••••••••••••••••••••••0•021
Glutathione••• •• •••••••••••••••••••~•,•w••••••••0.220
Ascorbic Acid••!••••• •··~•-··~••·•••••••••••••••0•026

Glucose• •• • • ••••••• , • ••••••••••• .• ••••••••••••••• o.145
:rotass1u.m•••••••••••••·•························o·404
SoditllD.• • • • • ••. • • • •·• •·• • • • • • • • • •• .• • •••••••••••••• 0.046

Calc1u.m••••••••••••••••••••••••••••·••··••••••••o.oos
Magnes1urn••••••••••·•••••······•············•···o·oos

Ohlor1de••••••••,••·•··•························o•oag
Phosphate••••••••••··•••••·•·••••••·•••••••••··•0•034

TABLE I(continued)
(t(..-' I< 5..J

APPROXIMATE CHEMICALCOMPOSITION OF THE
WHOLE LENS IN PERCENT OF WET WEIGHT
OF ONE-YEAR-OLD BOVINE LENSES
Lsctoflavin •••••••••••••••••••••• • ••• •• •
• • present
Funiaric Acid·••••••••••••••••••••••••••••••••Present
Succinic Acid •••••••• ~•••••••••••·•••••·•••••Present
Crea tine Phosphate •••••••••••••••••••• ·• •••••• present
Guan !dines •••• .• •••••••••••••••••••••••••••••• present
Antmonia •••••••••••••••••••••••••••••••••••••• present
Amino Acids •••••• ·•••••••••••••••••••••••••••• present
Pyruvic Acid•••••••••••••••••••••••••••••••••Present
ih.ydroxyacetone•••••••••••••••••••••••••••••Present
Lactoc Ac id •••• • • •••••• •-• •••••••••••••••• •• •• present
Acetic Acid••••••••·••••••••••·••••••·•••·•••Present
Formic Acid•••••••••••••• .. •••••••••••••••••••Present
Oxalic Acid•••••••••••••••••••••••••Probably pre s en t
Ethyl Alcohol ••••••••••••••••••••••• probably present
Oxaloacetic Acid•••• • •••••••••••••••Probcbly present
Uric Acid•••••••••••••••••••••••••••Probably pres ent
Adenosine Phosphate •••• ~••••••••••••Probebly pr esent
Inosin ic Acid••·••·••••·•·•••••·•• ••• • • •, •••·Present
Cytochrome .............................. . ... not found
Anserine, ••••••••••••••••••••••••••••••••••• not found
Spermidine •••••••••••••••••••• .• •••••••••••• not found
Iron•••••••••••••••••••••••••••••••••••••••not found
Copper•••••••••••••·•••••••••••••••••••••••not found

TABLE
II
(t(r•c,sc)
AMINO ACIDS OF THE LENTICULAR PROTEINS
Amino~

Capsule

-

Albuminoid jf

Crys!!lline

o.o

o.o

3.6

2.6

0.2

o.9

2.1

5. 3

5.7

2.8

0.5

1.2

0.4

4.6

3.6

2.7

Tyrosine ••••••••••••• 5.00

3. 6

3.5

3.7

Proline •••••••••••• ~.

1.9

1.8

1.4

4.6

5.5

4.1

3.8

3.8

4.6

2.7

3.8

3. 6 ·

10.3

a.o

7.5

Cystine••••••••••••••l•48

3.1

2.3

4.9

Serine•• •• •••••••••••

+

+

Glycine ••••••••••••••
Alanine••••••••••••••
Voline •••••••••••••••
Leucine and Isomers ••
Aspertic Acid~••·••••
Glutamic Acid ••••••••

Phenylalanine ••••••••
Lysine•••••••••••••••
Histidine••••••••·•••
Arginine •••••• •.• •••••

-

-

-

-

-

-

-

o.o
o.s

Alpha Crystalline

Tryptophs.ne••••••••••0.58

0.71

Methionine •••••••••••

o.o

-

o.e5
o.o

·+
1.37

o.o
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CHAPTER II
OLDER THEORIES
Thus far, this paper has been concerned with
presenting a rather brief summary of the normal physiologic and chemical processes which are responsible
for the maintenance of lental transparency.

This has

bee~ done with a view to establishing in the mind of
the reader a clear picture of the normal, so that the
changes producted in the abnormal estate may be more
clearly understood.

With this basis rather firmly

established, we shall now proceed to a conside1• a tion
of t he various theories which have been put :forth
during the past in explanation of the origin of senile
cataract, and shall also consider the more recent
theories.
Although unquestionably theories as to the genesis of senile cataract were promulgated before the
early part of the eighteenth century, these do not
seem to be available in the literature of this subject.
The earliest fairly complete theory to v,hich this
p~per previously.

Writing "of the Causes of the Several

Species of the True Cataract 11 , Taylor(57)says:

Authors

are not agreed about the Causes of the true Cataract;
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some pretend that . it is owing to Degrees of a preternatural Viscidity, in that Fluid brought for the
Supplies of the Chrystalline, which by possessing
Particles of an improper Magnitude, may be so irregularly lodg'd in its Vessels, as to destroy that
Equality so necessary to Transparency.

Others, on

the contrary, deduce this Opacity of the Cbrystalline
from an Inflammation of the Blood, and pretermatural
increas'd Momentum of that Fluid with which the
Chrystalline is supply's; for in that Case gross
Particles, inconsistent with Transparency, may be impell'd into the lymphatic Vessels, of which it is com'pos1d.

And others attribute this diseas 1 d Alteration

of the Chrystalline, to a Defect in that Liquor which
is found between the Chry~talline and its Capsula,
and observe, that when the Vessels intended to convey
the Supplies to the Chrystalline happen to be obstructed, from a diseas 1 d Alteration of their Contents, the

Liquor contain'd under the Capsula of the Chrystalline
turns fowle, whence follow all the Alterations observable to attend the several Species of this Disese.
Since this Disease happens to those who are the
most healthful and temperate, and the most free from
viscid or inflam'd Blood, great Variety of Objections
must necessarily be remov'd to make any of these
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Opinions reasonable; which had induced me to believe,
that these Diseases are owing to a preternatural,
forcible, and i r regular Contraction of any one or more
of the Muscles of the Globe, by which the Parts of
the Chrystalline are more or less violently and irregularly press'd; and that the Degrees of their Consistence, Magnitude, Figure, Colour, Gravity, Situation, and Opacity, depend on the Degress of Strength
and Uniformity of this Pressure; and that the Cause
of this preternatural, forcible, and irregular Contraction of any one or more of the Muscles of the
Globe, is owing to t he Deficiency of the Supplies of
that Fluid, so necessary to their Sensation and
Motion; and that the Cause of the Deficiency of such
Supplies, is owing to a long, constant Direction of
the Axis of the Eye to particular Objects, by requiring in a limited Time a greater Supply to particular Muscles of the Globe, that what is agreeable
to the natural and healthful Course of such Supplies;
and this Deficiency of the Suppli 0s to particuiar
Mu scles of the Globe, may occasion such Muscles to
act with a degree of Strength different from those
which act in Opposition to them; whence follows an
Irre gularity in the general Action of all these

Mu~cles.
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From this preternatural Action of these Nuscles,
the Glcbe suffers different changes in its Figure, by
shich the several Parts of its Contents are differently forced from their healthful Situation; and the Ligamentum Ciliare being fix'd to the Circumference of
the Capsula of the Chrystalline, and the aqueous Humour
lying 1mmediately on the anterior Parts of this Ligament, and the vitreous on its posterior; the Chrystalline Humour being thus confin'd in its Capsula, be-

tween the two Surfaces of these Humours, the preternatural Pressure which isthus made on them, mus_t necessarily be continu'd to the two Surfaces of the Capsula
and the Chrystalline; and in proportion to the Degrees
of Strength, and Unifo.rmity of this Pressure, the Chrystalline must not only suffer a diseas's Alteration in

some or all of its Parts, but the whole Chrystalline
mu st be chang'd from its healthful Situation in its
Capsula.
From the Degrees of the Irregularity and Foree
of the preternatural Pressure, with the Change of
Situation of the Chrystalline in its Capsula, we may
account for all the various Appearances which accompany the Progress of each Species of this Disease.
That the preternatural, forcible, and irregular

I
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Contraction of one or more Muscles of the Globe, is
the Cause of the Several Species of the true Cataract,
is further evident from those Alterations of the
Chrystalline which sometimes succeed a Blow receiv'd
near the Eye; for the Alterations of the Figure of the
Globe, from the irregular and violent Action of any one
or mo r e of its Muscles in such a Case, are the same
in a greater degree, as the irregular and violent Action
of any one of more of these Muscles arising from any
other; b ecause from the violent, sudden, and irregular
Change of the Figure of the Globe arising from this
Blow, the Chrystalline is press'd with such Violence
towards the Uvea, as not only to change it from that
Situation in its Capsula so n ecessary to receive its
Supplies, but also to force it into the posterior
Chamber of the aqueous; thus there is such an entire
Stop put to the healthful Circulation of the fluid
Cont ents of the Chrystalline, and such a Change made
in the Continuity of its Parts, that all the Parts of
the Chrystalline immediately obtain a gr e ater deg ree
of Opacity than could have happen'd in a long time by
a less degree of this pressure, where the Chrystalline

maintains its Seat in its Capsula; this is that diseas'd
Alteration of the Chrystalline known by the Name of
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the sha king_ Qa_taract, and so call 1 d from its continually changing its Situation behind the Uvea.
That the preternatural, forcible, and irregular Contraction of any one or more of the Muscles
of the true Cataract, is further evident from observing that is always affects such as have employed much
Time in reading, or viewing particular Objects.
Taylor next writes

"of

the Causes of the

Several Species of the False Cataract 11 of wh.ich he
sais:

These diseas'd Alterations of the Chrystalline

are always preceded b y an apparent Plenitude, Distention, and preternatural Change of the Contents of the
sanguine and lymphatick Arteries in all the Parts of
the Globe, arising f rom som·e ·diseas'd Alteration of
the Blood, by which its momentum is so increas'd as
to force into the Vessels of the Chrystalline(from
the Extremities of those Arteries employ 1 d in the
Service of their Supplies)certain Particles of an
improper Quality to maintain their healthful Continuity.
And from the different .Quality and Number of
these diseas'd Particles, some or all the Parts of
the Chrystalline pass thro' such various diseas 1 d
Alter at ions of Plenitude, Solution of Continuity,
and Opacity, as to h ave s ome, or all of its parts,
ch ang 1 d into the Consistence of Milk, Cream, and
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s ometimes to a Matter which has some Analogy in it s
Con s istence and Colour to that o f ~ ; which b y degree·s so alter the Direction of t he Fibres of the
Capsula, as to rende r it opake; and t h is alter'd
Chrystalline being contain'd in its Capsula as in
a Bag , has obtain'd various Denominations, such as,
t he bag, the milky, and the ~lent Cataract(57).
Chronolog ically the next theory on the cause
of Cataract is put forth by St evenson (54) in his
monograph on that subject published in 1814.

He

divides his causes into proximate and exciting .
the proximate causes, he says the following :

Of

Sati s fac-

torily to develope the p roximate cause of Cataract, or
of any other Disease, under the most favourable circumstances, is b y no means an easy task.

Of the mode

in which Cataract is formed, even when it occurs in the
adult subject, where its rise and whole progress can
be watched, we ar e oft en forced to confess our i gnorance.

How much greater must be our difficulties in

the congenital species, which commences before the Eyes
have been exposed to light, or to any offending cause
with which we are acquainted.
When we consider that the lens is rendered turbid
and hard by macerati on in acids, the hypothesis of
Maitre-Jan, whic h att ributes its opacity. to an acid
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serosity was, at the time be wrote, if not plausible,
at least allowable.

But the supposition that this

newly-generated acid first softens, and afterwards
destroys the capsule, and that is then acts upon,
and gradually penetrates · into, the interior texture
of the crystalline, is unquestionably erroneous·.
Experience has taught us, that the centre of the
lens is primarily affected; and that in all cases
of Cataract, the capsule, whether opaque or otherwise, never ceases to remain entire.
It was the opinion of

st'. Iv·es, that in old age,

an obstruction or obliteration of the extreme1y fine
nutritious vessels of the capsule, or crystalline,
become the proximate cau s e of Cataract.

The same

author ascribed the dissolution of the lens to a
stagnation of fluid within its investing membrane,
which he conceived grew acrid by fermentation, and
ultimately i~spissated. This doctrine was adopted
•
by Maitre+Jan,
and gave birth to the opinion, that
the maturity of Cataract is indispensably neces s ary
to its _successful depression •
In conformity with the theory of our ancestors,
a recent Cataract was esteemed soft or unrip~, and
one of long standing, hard or ripe, from a fallacious
belief, that ev ery Cat aract passes through certain
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regu lar stages before it arrives at maturity; a term
designed to express the h ardness or solidity of the
Cataract.

These ideas respecting the ripeness or

unripeness of Cataract, have been repeatedly ascertained to be without any foundation.

I have operated

upon old Cataracts, some of which, so far from possessing a proportionate degree of firmness, were soft,
whilst others were actually fluid; and upon recent
ones which, instead of being soft, or in a state of
solution, were of a very firm texture.

So that nothing

can be deduced from the age of duration of a Cataract,
in regard to its probably consistence.
Inflammation is now well known to be a process
which deprives transparent parts of their pellucidity,
at the same time that it increases t heir thickness, by
the interstitial deposit of coagulable lymph.

This

is clearly seen in corneal Ophthalmia; and in this man-

ner we may sometimes explain the ori gin of Cataract.
But the complaint occasiona lly arises without any symptons, indicative of i~flammatory action, either in the
deep-seated or superficial parts of the eye.
The chronic inflammation in sanguiferous parts,
unattended with rednes s or pain, is called b y Boerhaave
lymphatic inflammation, a term tha t may, probably, be
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be safely applied to every kind of inflammation in the
lens; a part in which neither blood vessels nor nerves
can be traced.
That this kind of inflammation not onll exists,
but is sufficient to produce a consolidation and opacity
of the crystalline, is proved by the effect of a penetrating wound in causing Cataract; as well as by our
own operation.

If a semi-transparent lens is divided,

we no~ unfrequently observe that, at the end of a short
period, though the Cataract be lessened, its opacity
is actually increased.

Should it be necessary to

repeat the operation, the relics will afford a greater
degree of resistance , than the previously entire Cataract.

It is probable that what the Needle now finds

a difficulty in transfixing, is principally the capsule, rendered more dense and tenacious by adhesive
inflQllllllation; a suggestion which is confirmed by the
following facts, viz:

When the capsule is cut through

by a simple incision, instead of being freely com.minuted, as it ought to be, it will occasionally reunite
with a very firm cicatrix.

The laceration of the cap-

sule in the operation of extraction is sometimes foilowed by secondarl Cataract.

What is still more to our

purpose, we know that inflammation of the iris is apt
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t o ext end to, and render opake, the anterior lamella
of the capsule of the lens.
Though the above doctrine may explain the proximate
cause of the firm lenticular, and also the capsular Cataract, arising from mechanical injury, or visible inflammation, yet it must be acknowledged, that ther e is
great difficulty in transferring the reasoning to other
species of the malady.

A disease indeed which as sumes

so many forms, which attacks both sexes and all ages,
under every circumstance and habit of life, and even
the child before birth, which is often imputed to a
great variety of causes, and occasionally ?cc urs without any that we can assign, which is sometimes incredibly rapid, at other times as remarkably slow in
its progress; such a disease it is fortunate that we
can relieve, without the neces s ity of previously finding out its proximate cause.
Stevenson continues his exp os i tion, now writing
"on the Exciting Causes of Catar act 11 •
says:

Of these he

Cataract may with propriety be considered, in

conformity with the celebrated Richter, as a local or
constitutional, and external or int ernal malady; agreeably to what has been long since stat ed i rt general
terms b ;v Celsus.

11

Igitur vel ex morbo, ve l ex ictu

46

concrescit humor. 11

It is esteemed purely local, when
-----------------

it occurs to persons otherwise healthy, in consequence
of blows, wounds, sudden exposure to excessive heats,
or colds, or any other injurious cause.
When it is the result of mechanical violence inflicted upon~ Eye only, the other seli om becomes consequentially affected, unless severe symptons of irritation should supervene, which may be sympathetically
propagated to the sound organ. · Punctured or lacerated
wounds of the capsule of the crystalline produce Cataract, and sometimes its cure.

It ought however to be

remarked, that the opacity of the crystalline odcasioned by external violence, is rarely a simnle comol a int,
other parts of the Eye frequently participating in the
mischief.

Hence the removal of this species of Cat-

aract is not always followed by the restoration of
sight.
The disease is , ~enerally reckoned constitutional
or internal, when it comes on spontaneously without
any obvious or assignable topical cause.

In these

instances if it happen to be connected with a vitiated
habit of body, whether scrofulous, scorbutic, venereal,
or gouty, authors have imagined that, under such coincidences, i t owed its origan to that state of the constitution; a supposition which, however plausible, is

I
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by no means confirmed.

The opinion indeed may seem

to be in some measure countenanced, when both Eyes
become at the same time, or in succes s ion, catara c tous.
Richter has as s erted, that in these cases the
operation often event u ally fails .

11

A man , II says he ,

"who has been much troubled with gout, and a lady of
a scorbutic h abit, had their sight restored by the operation for Cataract.

Some months after, the pupils of
Y'

their eyes gradually con~acted themselves, and at last
closing altogether, a s econd blindness ens ued."

But

surely the loss of si ght which succeeded to the oper;, 77

ation in the instances j u st quoted, ought not M justice
to be ascribed to any morbid diathesis in the constitution of the respective individuals.

Obliteration of

the pup il can only take place in consequence either of
inflQD1D1ation of the Iris, or protru sion of a portion
of that membrane through an aperture in the cornea.
Such an event does, it must be confess ed, occasionally
result from r xtraction, however skillfully performed,
and which constitut e s one of the principal objections
agains t that mode of cure.

As. far as my own experience

on this point enables me to offer an opinion, I can
with confidence affirm, that hitherto not a single instance of failure has occurred in my practice, although
I h ave op e r a ted upon pe rsons evidently labouring under
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s-erofulous, gouty, and, what are called, scorbutic
symptoms.

Syphilis has been enumerated amongst the constitutional causes of Cataract; if such a cau Fe does exist,
it can only be when the disease exhibits itself under
acute internal inflammation of the Eye.

In no instance

of this description have I yet had an opportunity of
satisfying myself that the lens is thereby affected;
but many times have observed an obscurity behind the
pupil, accompanied ~1th great defect of sight.

These

symptoms s e em to be owing to a deposit of coagulable
lymph upon the capsule, or more probably to an opacity
and thickened condition of its anterior convexity, the
effect of continuous inflammation of the Iris; an in~
flamrnation which may ari 9e from various other cau Res.
This state of the ~rts generally yields to a ~elldirected course of mercury; whether by pr9ducing absorption of the e ffused lymph, or by altering the ~ cific action, I shall not take upon me in the following
passage:

11

Des au tori t-es assez graves, m' avoient fait
/

croire autrefois que les Cataractes dependantes d'un
/

.

vice venerien, pouvoient ceder a l'usage du mercure;
I

mais, des observations multiplees, que j'ai en lieu d e
I

faire depuis, m1 ont absolument detrompe, et m1 ont conI

/

vainc qu'el les etoient au ss i rebelles a toutes especes

~f9

de remades que les autres. 11
Under the head of Constitutional causes may
properly be classed, what has been oenominated,
hereditarr Cataract; instances of which occur in successive generations in the same family.

Ri chter says,

"I have extracted the Cataract from a man, whose
fathe r andgrandfather were both blind from the complaint, and whose son has already an incipient one."

"
Maitre-Jan
and Janin have both s e en similar ca ses .
11

I myself," adds he, "have seen three c hildren, all

born of the same parents, and who all -a cquired Cataracts at the age of three years."

Morgagni also

mentions the following e x amples: . 11 Tres intelliges , . cum
assent sorores, omnes Cataractae, cui nemo trium inclytorum fratrum, obnoxias fuisse.

Sic alias scribam,

una ex matre surdas natas foeminas omnes, mares nollos."

CHAPTER III
MODERN THEORI ES
The preceding chapter of this paper has been concerned with the presentation of two of the older theories
of the etiology of senile cataract.

In this chapter a

review of the more modern theories will be attempted.

A theor y which was given consider able attention was
that of Friedenwald(23)who considered the permeability
of the cap sule of the lens to be a factor of great importance in the development of cataracts.

Although

many stated that an increase in the permeability of
the capsule was large ly responsible for cataract, this
author showed conclusively that the permeability of
the capsule of the lens decreases with age and also
with an increase in the molecula r weight of the diffusing substances.

Sanford Gifford and his co-workers

later also showed tha t the normal cap sule of the le n s
is freely permeanble to water, electrolytes, and s ubstances of fairly high molecular wei ght, but, like
FriedenwaJJ, they found that the permeability of the
capsule decrea s es with age and tha t i t is conceivable
that this decrease could prevent sources of nutrition
from reaching the lens and thus could hasten death of
the fibres of t he lens , with resulting cataract.

They
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expressed the opinion that the results of their experiments also invalidated the assumption of Duke-Elder
that variations in osmotic pressure or in hydrogen ion
concentration were effective in producing cataract,
for this was not found to be so in ~itro, within a
range much greater that that possible in life.

Duke-

Elder, in describing the metabolism of the eye spoke
of four equilibriums, the third of which he defined as
a delicate balance between the intra-ocula~ fluid and
the lens.

The effects of disruption of the forces

which maintain this equilibrium constitute one of the
factors in the etiology of cataract(56).
The influence of heredity and abiotrophy has long
been accepted as playing a part in the etiology of
senile cataract.

Nettle~hip laid down six rules per-

taining to the occurence of cataract in families:

10
are skipped.

The descent is direct.

No generations

Children of a member of the family not

having cataract can feel assured that orie will not develop.
2)

If all children in one family have cat-

aract, the liability of the next generation is increased.
3)

Transmission from like sex to like 3ex

is most common.
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4)

Cataract tends to appear earlier in life

in s ucceeding g enerations.
5)

The age of onset is approximately the

same in persons of same ~eneration.
6)

Families with cataract are not aff e ctted

as to fertility, health, or long evity(59).
Vog t(60)states that vision depends on many factors
when opacities of the media ar e p resent; adaptation to
light, size of the pubil, location of the lenticular
spokes, and others, as well as the psychic condition
of the patient.

Improvement in vi s ion oft en occurs

without any tr eatment, while on the othe r han~ , the
condition may rema i n unchan~ed for year s .

Vog t told

his pati ents th a t they mi ght just as well try to prevent
their hair from becoming gray in o l d a g e by the apu lication of iodine or other drops as to e xpect to halt the
progress, or effect the cure, of senile catarac t by
the use of such methods.

Aft e r s ixty years of a g e,

ninety per cent of p e ople show senile op aciti es in the
lens; but only a small percentag e b ecomes blind t o the
extent that requires op eration.

One shou ld n ot there-

fo r e speak of cataract wi th beg inning opaciti e s.

Senile

cataract should not be considered wi thout re ga rd t o other
symptoms of t he s enium of the organism.
Various disease s can, ~f cour se, produce clinical
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pictures similar to those of natur al 3enile decline.
Thus the exogenous cataract, which i s caused by inner
secretorial di s turbances, diabetes, poising, serious
disease of the e yeball, ultra-red rays, etc., differs
at the very outset from senile c at aract, and can be
distinguished from the same by the slit-lamp.
Yudkin(64)is not willing as yet to accept the
theory tha t senile cat aracts are merely chan~es associated with advancing ag e .

He be l ieves that this

type of cataract is produced b y imp r oper metabolism
of the lens, n robably due to a general distrubance.
To him it is conceivalbe that if t he span of life continue s to i n crease, catar a cts may be definitely p roved
as due to senile changes.
Rochat 1 s views are aired b y Vogt( 60).

In bri e f

these are the t senile cataract should not be considered
as originating durin~ or because of old ag e , a s many
patients do not show any signs of general decline due
to age, and that th e slit-lamp h ad demonstrated that a
senile cataract really beg ins in youth.

At the age of

twenty, coronary cataract i s often found.

I t is the re-

fore more corre ct to speak of a c ong enital tendency
toward early deg eneration of t he lens that of a condition ca used by the a·ge of the body.

This imn lies
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that e xternal causes such as the intensity of li~ht and
heat can have no important bearing on the condition.
It does not mean, however, that such influences are
not able to hast en the processes of imp airment in persons with a distinct hereditary tendency.
Parsons pointed out in 1906 that the c ~ f modern
theories of the pathogenesis of cataract may be gr~ed
into three classes:

1)

that in which the cause is to

found within the lens itself, 2)

a chemico~physical

theor jesin which the nutrition of the lens suffers from
the nature of the pabulum sup p lied to it b y the ciliary
body, and 3)

that in which the cause i s to be discover-

ed in s ome general disea s e or a ~etabolic or nutritional dist~bance.

The T·e may be added, in a spe cial class,

the hypothesis that attributes senile cat:-.ract to the
action of specific cytotoxins(33).
First among the causes we shal l con6ider of those
to be found within the lens it s elf is that of excessive
efforts of accommodation.

Accnrding to Burdon-Cooper(l2)

the late Dr. Schoen, in 1897, published a book, the
object of which was to show that sAnile catarct was
attributable to incr e ased effort of accommodation bringing about the train of conditions very similar to those
found in cataract associated with con vulsion.

Schoen's
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argumen t failed to bring the conviction he desired,
and, owing doubtless to his death shortly after, his
theory passed into oblivion.

He considered that cat-

aract was brought about in eyes in which there was increased effort of accommodation causing tears in the
capsule between the zonular filaments.

This view is

also held by De Schweinitz(17).
Beck(8)quotes several authors whose views serve
to substantiate furth er this hyp othesis.

According

to William E. Hopkins, the influence of accommodative
strain on the production of cataract is not thoroughly

understood.
almetropic.

A large proportion of cataractous eyes are
It is probably that the constant effort of

the ciliary mu s cle unfavorable influences the nutritive processes of lens.

That eye strain is an etio-

logic factor, and that hypermetropia and asti~atism
are present in the majority of persons who develop cataract has been stated by Jame s M. Ball who further claims
that an uncorrected astigmatism against the rule is a
potent etiological factor.

Sam Theobald states that

life-long accommodative · strain, due to uncorrec t ed refractive errors, through the congestion and inflarnation which i~ induces in the inner tunics of the eye
is a far from uncommon cause of cataract.

The fre-

quency wi th whi c h he has observed, especially in as-

I
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tigm atic eyes, incipient cataract long since foreed
the conviction upon him.

L.

w.

Fox believes that un-

corrected ametropia is al s o a predisposing factor,
while De Schweinitz add that he evident prophylactic
measure is the use of proper g lasses.
Hess, though agreeing with the Helmholtz conception of accommodation imp lying a lessened strain, does
not deny a connection between accommodation and opacity,
the latter r esulting from slits between the zonular
filaments from peripheral pressure again s t a non-yielding nucleus as age adv ances.
The re is no doubt whatever that refrac t ive e r ror
has a decided i nfluence on the n- ·trition of the lens
in the production of opacities.

"I came to this con-

clusion twelve years ag o after a review of 28 08 re f racton cases, among whic h I found six per cent had cataract, "
say s Burdon-Cooper(12).

This author g oes on to say

that he divided these cases into two group s, those
above 50 and those below that age, and in order to
avoid error formulated his ideas only on t h ose which
were below the ag e of 50, and which were as few as
could be proved clinically free from all bodily diseases and loc a l eye trouble.

He reached the conclus-

ion that if during the working decades of life im-
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portant refractive errors were corrected and this came
to be recognized as a part of a prophylactic treatment,
we should in time se e a proportionately lessened in-

cidence; of at least one type of cataract with definite
etiology.
Jackson(30) calls eye strain, especially strain
of accommodation, perhaps the most import ant cause of .
cataract.

The f orced adjustment of the crystalline ~

lens to secure the best vision may well be the most
important cause for impaired nutrition of lens fibres.
When the cry stalline lens has a rigid nucleus and a
soft cortex, the change in its shape, required for
accommodation must strongly dispose to imnafred nutrition of lens fibres~

We have all seen cases of cata-

ract which advanced rapidly during periods of nerve
strain.

Such strain may impair the nutrition of the

body in general, but there are also periods in which
eye strain is likely to be severe and go unnoticed till
failing vision calls it to attention.

When an eye that

is undergoing rapid increase in lens opacity is carefully
observed with the biomicroscope, the light-slit affords
very favorable conditions to observe the changes e~en
in single lens fibres.

Under these circumstances, as the

fibres become partly opaque, it is possible to see th em
change shape unde r th e stress of accommodative effort;
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and it is difficult to avoid the impression that they
are taking an active part in the change in the lens
form.

Brief consideration should be given to irregular .
sclerosis of the nucleus of the lens as a second condition in which the cause of cataract is to be found within the lens itself.
Becker considered this irregular sclerosis a principle cause of senile cataract.

If this theory is

correct, why does not sclerosis occur in all len~es instead of only in some.

Becker suggested an anomalous

chemical behavion of the nucleus to account for it, and
considered that chemical changes in the nucleus preceded
by years those in the cortex; this is correct.

Deutschman,

who agreed with Becker suggested that the water given up
in the sclerosing process clouded the faulty lens by swelling its fibres.
Becker made us of Priestly Smith's observation that
the lenses with commencing cataract were lighter and
smaller than clear lenses of the same age, but Hess pointed out, and rightly, in his objection to this theory,
that fluctuation in weight and volume were not only variable,
but the observations too few to permit of any conclusion
that contracted and shrinkage of the nucleus had taken
place.

I

Against Becker's theory too is the fact that in
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early c ataract the lens distinctly increases in volume.
Contraction of the nucleus has not been proved or even
made p lausible, And should it occur i t can only be du e
to injuries from the outside(12).
A third condition in which a chan~e of the lens
itself is thought to be a factor in the etiology of
senile cataract is a c h ange in t he pr otein of the lens
and its factions.

Merner had demonstnated that the

solids of the ~ns are almost wholly protein andhad
demonstrated four p r oteins pres ent, albuminoid, alpha
and beta crystalline, 2nd an albumin.

Probably the b e st

work r eported in the literature demonstrates that t he

chief difference betwe en normal anc cataractous lenses
is in t he character of the proteins(Jess).

In t h e

matured cataract, t h e crys talline s ha v e disappeared, in
immature, the amount present is dimini shed.

The use

of vaccine s to a r re s t the d ev e lopment of cataracts is
obviously based on a f a lse as sump tion.

The anti gen is

an extract of lenses of normal animals, and it is diffic u lt t o se e how use of this anti g en will restore the
alpha and beta crystalline to t h e cataractous lens any

more than other non-specific p r otein(9).
Allergy of the protei n of the l ens is another situation in wh ich t h e cause of cataract is to be fo und
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within the lens itself.

Verhoeff and Lemoine in 1922

described what they called endophthalmitis phaco-anaphalactica, in which they found that about eight per

cent of the patients tested by the intradermal injection of lens protein were sensitive to the substance.
This was characterized by a local cutaneous reaction,
and in the eyes of those patients affected after extraction of cataract these authors observed cha ra c teristic histologic changes .

This was later confirmed by

several other investigator s, bu t was contradicted by
Roth.

It was advised t hat these patients be desensitiz-

ed to lens protein both before and after operation.

Burky

and Woods prepared a lens extract for use in cutaneous

tests.

In 75 normal patients they obtained negative

results, while in 11 patients with c ataracts they obtained positive results.

'vhen they found that rabbits

1

cou ld not be immunized to whole rabbit lens alone and
that rabbits on which needling was repeatedly carried
out produced no antibodies, they investigat ed, with Woodhall, the action of the individual purified crystalline
in the homologous species, in 1933.

Their results sug-

gested that alpha crystalline is a true organ-specific
substance, it is the same in all species, and is present
in all extracts of who l e lens.

Beta crystalline and

gamma crystalline were c on-side red as acomplex and were

61
inert in the homologous series.

When combined with alpha

crystalline in extract of whole l ens they modified the
antigenic properties so that in the homologous sp ecies
those of .alpha crystalline were inhibited.

This sug-

gested to the authors why in 'most cases of escape of
lens substance through the raptured capsule this escape
is not followed b y the development of anti-bodies of an
immune allergic type.

Burky in 1934 produced endoph-

thalmities phaco-anaphalactica experimentally in rabbits
by intermediary 9ction of staphlyococcus toxin, which
suggested that the s ensitivities to lens in man in some
instances at least is caused by the action of a toxin
from a focus of infection or by the infection of the eye
b :r toxin-forming bacteria at the time the lens matter
is being absorbed after an operation(56).
Selinger(48)tried to treat upwards of twenty
patients with extract of cataractous l Gnses.

He states

that the literature shows many conflicting reports as
to the valu e of protein therapy in the medical treatment of senile cataract.

He further states that many

factors influence the p rogress of lens opaciti e s, and
the rate of development of senile cataract varies in
different patients and even in the two eyes of the same
patient.

He concludes that extracts from cataractous
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human l enses seemed to have no effect on the progress
'

of senile cataract.
Daniel(l6)reports three cases of cataract occuring in individuals with a definite allergic history.
He states that the ectodermal epithelium of the ciliary
body is responsible for the formation of the aqueous
fluid, which in tern nourishes the Jens and carries
away the waste products.

A fine change in the function

of these -epithelical cells of the ciliary body, in the
content of the a oueous, or in the level of permeability
and selectivity of the lens capsule can readily be
reasoned to interfere with the efficient metabolism of
the lens and its transparency, thereby producting the
cataract in an otherwise normal eye.

He concludes that

the three cases he reports not only fall into the group
11

opacification of the lens in young adults accompanied

by skin manifest ions II but further, b y virtue of the
history and the positive allergic reaction observed,
could also justify the term

11

allergic cataract" or,

perhaps, more correctly speaking, they should be called
"cataract associated with allergy."
The last factor in which the cause of senile
cataract is to be found within the lens itself is
the spontaneous precipitation of beta crystalline.

I
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The t~ndency of beta crystalline to precipitate spontaneously is of great interest, as it offers a p lausible hypothesis to explain the etiology of senile
cataract.

The gradual decrease in the alpha fraction

allows the beta fraction to become relatively greater
and purer, and further ~radually removes the protective colloid action ag a inst its spontaneous p recipitation.

Spontaneous precipitation of beta in vivo

and in situ may now occur with result clouding of
the Jens.

This is an especially interestinf hypothesis

when it is considered that the range of spontaneous
precipitation of the beta fraction lies in the n ormal
pH of the body flu ids.

Such a theory is, however,

as Woods stated, totally without experimental proof

in vivo(33).

Chemico-Physical Theories
The second class of theories according to Parsons'
grouping is the chemico-physical group.

Since the nut-

rition or metabolism of the lens may be d i strubed because of the change in quality or quantity of the pabulum
furnished in the aqueous, this necessarily involes consideration of the method of formation of th aqueous.
It is granted that this fluid is formed by the ciliary
body, but whether it is through s e cretion, as Teacher
Collins as wri t ten, or a filtrate as Parsons has held,
or whether it is a dialysate as Duke-Elder has so ably
expressed his belief, f till remains an open ~uestion,
even though Duke-Elder has shown that the relative
percentage of the constituents of the ciliary blood
plasma and aqueous conforms to the Donnan law of
equilibrium.

There are certain phenomena that cannot

be explained simply on a chemico-physical basis(33).
One of the mo r e prominent among the chemicophysical theories is that of insufficient nutrient
material in the aqueous.

Peters sees the cause of

cataract changes in the ciliary epithelium, altera~ -tions in the concentration of the a oueous, imparied
nutrition, and shrinkage of the nucleus.

According to

him, there must be a higher molecular concentration
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in the :a ns than in the anterior chamber, and the maintenance of this devolves upon the capsule.

Increase in

the osmotic pr e ssure of t he aqueous would be detrimental
to the lens as its normal process of nutrition would be
interefered with.

It is possible that by a senile change

in the secreting organ, the aquious may contain more salt,
a slight increase of which he considers of great importance(as so little is found~, not so much in diminishing

subcapsular pressure, but, in distrubing normal exchange
with the lens by establishing osmotic equilibrium between it and the aqueous, condensation in its central
parts, and finally distunbance of its cortical layers,
diminution in pressure within the c apsule being the
essential factor.
Against this theory is the fact of osmosis itself, and that blood cells will obtain nutriment from
an isotonic solution, and it is also doubtful whether
a marked difference of osmotic pressure exists between

the lens and the aqueous.
higher.

Some say the aqueous is

Roemer and Rossling think that the osmotic

pressure of the intra-ocular fluid is not higher than
the blood, and th at fluctuation s in the latter are
transmitted to t he aqueous, and the lens adapts itself
to them.

From Q study of osmosis, he b e lieves it is
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impossible for a high degree of molecular concentration
to be maintained in the aqueous.

Should salt occur/

owing to senile change in the secreting organ, osmotic
equilibrium, we should think, ought to be restored by
osmosis with the vitreous fluid and the contents of the
blood vessels.

Salt injected into ~he aqut ous is ab-

sorbed immediately and that it is harmful is contradicted by the results of injections of salt into the anterior chamber.

It has not been proved that senile cataract

begins with the shrinkage of the nucleus.

Salffner's

observations in naphthalene cataract sugge s ts admission
of water to the cortical la yers~_ as the first symptom,
and not shrinka~e.

Burdon-Cooper's experiments on the

surface tension of the aqueous show that in senile cataract there is not a higher moleculsr concentration.

If this is the case and the lens albumin is .hygroscopic,
"'·

it is highly probable that what actually .takes p~ace is
an imbitition of the aqueous through a depraved nutrit1.on

of epitheil:.:i:um ·from a deficiency in the nutrient elements
in the fluid bathing it.

The main obj ection to Peters'

theory is that it l ea ves out other nutrient substances.
Salt is not the only factor amid conditions which are
evidently comp licated.
Scalinci suggests, as the phaco-proteid is an
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alkali albumin, that the presence of acetic, formic, and
oxybutyric acids or their salts in the aqueous may
cause cataract by its precipitation.

There are other

agents than acids which are capable of effecting a
chemical change, in the ~ns, viz. alkalis and ferments,
and he apparently ignores these(l2).
The part played by vitamins in the etiology of

'\

senile cataract has received a gre a t deal of attention during the past few years.

All of the vitamins

have been investigated with a view to determining their
part in the etiology of r enile cataract.

Cataracts

were produced in rats fed on a diet dejicient in Vitamin
0

G by Day, Langston, and O'Brien, and later in albino
mice b y Langston, Day and Cosgrove(56).
Yudkin(64), writing on Vitamin A states that this
vitamin serv~s both as a tissue-building and as a regulatory substance.

I t is essential both to the growth

and development of the body, and to the orderliness and
efficiency of the nutritional processes that go on at
all ages.

The body stores a consi derable part of the

I

surplus; and if the intake is sufficiently liberal, the
body may store enough to la s t for a relativ e ly long t i me,
so that a subsequent temnorary defici ency of intake may
show no effect.

Sooner or later, however, a lack of ad-

equate Vit amin A v a lue in the fo od results in a condition
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of Vitamin A deficiency in the body.
The specific effect of the abs enc of Vita.min A
in albino rats, guinea pigs, and humans is found in
epitheli.al tissues.

This effect, as Wolback showed,

is merely a substitution of stratified keratinizing
epithelium for the normal epithelium of various parts
of the respiratjory tract, alimentary tract, eyes, and
paraocular glands, and in the urogenital tract.
After a discussion of all the vitamins, Yudkin
concludes that in order to che ck the development of
cataract, treating of patients with a well-balanced

diet supplemented by the vitamins is ju s tified.

He

further states that as it was pos f' ible for the ophthalmologist to eradicate trachoma in many large cities and
phlyctenular keratoconjunctivities in many c ommunities,
so should it be pos s ible to raise men Rnd women in the
future without cataract.
Burdon-Cooper(ll), Campbell(l3 ), and Hawley and
Pearson(26}all agree that vitamin deficiency plays an
important part· etiologically in the formation of s enile
cataract.

Campbell states that Szily and Eckstein found

zonular cataract in t he young of r ats deprived of Vitamin
A, but Steppen and Fiedenwald have failed to c onf i rm this.
Langston and Day repor t an incidence of 100% cataracts,
both i n rabbits and rats dep riv ed of B2.

Bourne and
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Pyke obtain cataract in only 31%, and still other .workers have obtained no incidence.

Monjukowa and Fradkin

state that they found six cases of cataract in scorbutie
guinea pigs, and that lens opacities appear the second
day after birth in guinea pigs whose mothers have been
deprived of Vitamin C.

Campbell(l3)further states that

it has recently been demonstrated that the reducing property of the lens isnot wholly due to glutathione, but
is due also to Vitamin C, of which it conta i ns a relatively large amount. ' Vitamin C, like glutathione, disappears from the cataractous lens(Euler and Malmberg)while
with age it decreases in the lens and increases in the
aqueous(Muller and Buschke).

There is less Vitamin C

in the aqueous of the aphakic eye than in th e normal
(Bellows).
Investigation has showed tmt there is a definitely
decreased mnount of cevitamic acid in the cataractous
lens, from a normal of 30 mgms. to 10 m.gms. p er 100 gms.
1

of lens tis sue , andwhile the r e is a definitely lowered
vitamin content in the urine, the values for the blood
are in general within a low normal range.

No correla-

tion could be found between age and the content of VitQlllin
C in the lens, urine, and blood, except the blood-urine
relation which is physiologic and a possible age-blood
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corre lation.

No correlation was found between the type

of abnormality in the lens and level of Vitamin C.

Die-

tary histories indicate a lowered intake of foods rich in
Vitamin C probably due to several factors:

1)

The com-

paratively recent realization of the need of Vitamin C
and, for its adequate intake, the inclusion of citrous

fruits or uncooked fruits and vegetables in the diet.
The food habits of the older generation, which are so
frequently continued throu~hout life do not include these
foods.

2)

The decreased use fresh fruits and vegetables

due to economic stress.

31. _ The voluntary decrease of

acid foods or foods hard to chew or of high roughage con-

tent which so commonly occurs with advancing years(26).
In 1933 Von Euler and Martius showed that cevitamic
acid reduced methylthionine chloride and all other substances reduced b y glutathione and cysteine, and was
formerly included in the estimations of these substances
in the normal lens.

These authors were able to estimate

the amount of cevitamic acid independently at pH 2.5 and
revealed that about one-fifth of the total reduction power
of the bovine lens was due to Vitamin C.

They examined

two clear human lenses from ,a man thirty years ofage and
found that the cevitamic acid accounted for 28% of its
reducing power.

It was significant that no Vitamin C
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was found in the cataractous lens.

At the same time

Birch

and Dann stated that cevitamic acid has always been previously estimated as glutathione in the iodine titration.
They sugg ested that the two may be linked factors in one
system of oxidation in the a nimal cell.

Nordman and Van

Wien, Monjukowa and Fradkin, Muller and Buschke all agr.eed that Vitamin C decreases in amount with a ge and is considerably reduced in ou antity or nearly absent in cataract.
H.K. Muller found that on feeding naphthalene to
rabbits an acceleration in oxidation of Vitamin C in the
aqueous took place.

By the administration of large does

of cevitamic acid intravenously, he was able to prevent
the action of naphthalene in causing an increase in this
rate of oxidation.
' Bellows, who, like others, found that the quantity
of Vitamin C was greatly reduced or entirely absent in
the lens and aqueous of cataractous eyes, carried out a
great many experiencement s t ,o study the relation ship
of Vitamin C to the formation of cati-.ract.

He fo und

that the concentration of Vitamin C in the blood of
patients with cataract was les s that in normal p e rsons.
A larger quant·ity of Vitamin C had to be ingested by
patients with senile cataract than by normal _persons in
order to increase the Vitamin C content of the blood
plasma .

He concluded that the reduction of the quantity
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of Vitamin C in the aqueous and lens of cataractous eyes
preceeds the development of the opacities and is not
secondary to it.

He also demonstrated the cevitamic

acid could be absorbed from the conjunctival sac of a
rabbit through the cornea.

Ret urning to the problem of

galactose cataract, Bellows attempted to ascertain

whether an excess of Vitamin C or cysteine in the diet
•ould delay or prevent cataract in rats fed on galactose
nd also whether a dec r ease in the amount of Vitamin C
and cysteine occurs in the lens before the on s et of
op acities.

The result of these experiments show that

the onset of cataract in rats on a galactose diet seems
to be somewhat delayed by the intraperitoneal injection
of large doses of Vitamin C.

This was even more clearly

demonstrated by the results of the administration of yeast
in these cases.

In order to prove that the effect of

yeast was due to the SH content(cysteine)or to some other
factor, Bellows added a small excess of cysteine to a
diet rich in galactose and found that the onset of cataract was delayed as compared with onset in control rats.
This indicated that the sulfhydryls in the crystalline
lens are lost or destroyed by the presence of galactose
and that feeding in excess of these substances results
in delay of death of the fibres of the lens, either ~
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b ecau se they a re replaced or because they are spared • .
Bellows next step was to prove further a diminution in
the lens before the appearance of the opacities.

Since

it was demonstrated that feeding in exces s of these substances results in delay of the onset of opacities, he
reasoned tt»t if it could be shown that they diminish in
amount before the opacities appear, it would be reasonably
certain that the loss of these substances is responsible

for the formation of cataract.

In rats fed on a galac-

tose diet, the mnses at the end of three and six days,
before any opacities were visible, showed a reduction
in the quantities of the sulfhydryls--glutathione and
cysteine.

Since Vitamin C is also found to delay the

onset of cataract of some degree, Be llows thou~ht the
sulfhydryls and Vitamin C were interchangeable in carrying out oxidation-reduction in t he lens and that a s

i

the SH content diminishes, Vitamin C if available, wi l l

take over more of this function and keep the lens more
or less viable for a time.

It was therefore plausible

to assume that in man senile cataract cou ld arise similarly, as a result of a sudden or g radual loss of
cysteine from the lens which is ca l led on to detoxify
various substances, while at the same time the re is an
insufficient replacement of Vitamin C (56).
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Bietti found that the Vitamin C content of the
aqueous was only one fifth that of normal eyes in
aphakic eyes.

In young animals the lens cortex and

nucleus contain about_ the same amount, while in older
animals the content of the cortex is much grater, showing that it vari e s with the metabolic activity of the
various portions of the lens structure.

The anter1Qrq

vitreous and uvea contain only about one third as much
as the aqueous.

His tests were made with a non~specific

reagent so that he was not sure that the substance involved was definitely Vitamin C.

In order to check this

aspect of his experiment, he used aqueous as a portion
of the food of guinea pigs which were placed on an otherwise Vitamin C free diet, and found that the aqueous
gave protection against the symptoms of C-avitaminosis.
This effect, however, was somewhat less than orange
juice calculated to contain similar amounts of the
vitamin.
In cataracts produced b y naphthalene poisoning,
he found the Vitamin C to be reduced in ' proportion to
the degree of the opacity of the lens, bu t the course
of the cataract was not modified b ~ the ingestion of
adequate or excessive amounts of Vitamin C.

He tested

the vitamin in the aqueous of ten humans with cataract
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and found it reduced in nine of them, the reduction
being least marked in intumescent senile and traumac
cataracts.

It was similarly found reduced in the lenses,

especially in sclerotic and black cataract.

It was also

found reduced in cataractous rabbits' eyes, where a
lesion had been produced b y exp osure to roentgen-rays.
He believes the vitamin is formed in the lens by dehydration of dextrose, in the presence of cysteine as a hydrogen r eceptor.
The C content of the blood and aqueous could be
raised in rabits on a forced Vitamin C diet, but not in
the dog.

In the presence of corneal infection, the

Vitamin C in the aqueous is found markedly reduced and
the theory is advanced that this is perhaps due to interference of the permeability of the ciliary epithelium
to the vitamin.

Bietti believes that the Vitamin C of

the aqueous is formed in the lens by a process of re-

cbction of the dehydrocevitamic acid of the blood, and
that in cataract cases the lowered C content of the lens
and the aqueous is a result of the impaired lenticular
biochemical activity and is not a cause of the cataract.
Muller has shown that the lens contains two kinds
of phosphoric acid esters, saneof which are easily hydrolyzed and others which are hydrolyzed with difficulty.
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In older animals, there is a reduction in the latter
kind, fran which he infers that these may be a source
of Vitamin C and, therefore, important in maintaining
lenticular transparency (58).
The third group of theories in the chemico-physical g r oup is concerned with the effect of radiant energy on the lens, capsule, or on other parts of the
ocular apparatus.

Although recognized as a differ-

ent nature because they are appreciated by different
receptor mechanism. , and although embracing~ phen0111ena so diverse as light, heat, and chemical and
electrical effects, the whole of the energy spectrum
is of fundamentally identical character, believed to
be electromagnetic vibrations traveling j in a hypothetical ether, differing only in the length, frequ'

ency, and • mplitude of waves.

All radiations trans-

fer energy to the substances which absorb thE111; the
longer waves by increasing molecular movement produce primarily athermic effect, the smaller ones,
whose frequencies correspond to the intra-molecular
oscillations, by increasing atomic motion, induce
direct atomic disintegration with consequent photochemical and photoelectrical effects.

Every substance

absorbs radiant energy to a greater or

iass

degree,

and its react i on to that energy is in the last analysis
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identical, and is dependent upon this absorption,
whereby energy is transferred to its molecules or
their parts with the result that they are shaken apart.
Apart from this, there is no evidence

of any wave

length ( 18) •
Scbnizler and others have attributed senile
cataract to ultraviolet light, but judging from the
work ofHess, Widmark, Hertzog, and.more recently of ,-,
Burge, it is extremely improbable that light alone can
produce it.

It is certain that actinic light affects

the lens; but is effect is cumulative over considerable
time and not rapid like heat.

In aperson with a blue

and a brown eye, cataract always develops in the blue
eye, or if both eyes be blue, it occurs in the lighter
colored eye.

FUchs believes that in the absence of

other causes there may be somethingconnected with the
lack of pigmentation on the assumption that di~turbances of nutrition are at the bottan of both morbid
conditions.

Interestingis the fact that in the

lighter

colored eye, evidence of a mild cyclitis, in the shape
of minute deposits is often forthcoming (12).
Ytidkin (64) notes that there is a rather large
large variation in the frequency of cataracts in
various countries, and comments that lenticular
opacitie s are much more frequent in the people of

I
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countries where excessive glare is constantly present.
Burdon-Cooper (11) states that the absorption of
radiant energy and its conversion into heat in the lens,
together with the effect of such radiation on the capsule, isof undoubted imp ortance.

The influence of

light is shown in Indian lenses, which are more deeply
pigmented than European.
Beck (8) mentions glass blowers' cataract which
is thought to be the result of heat and the light rays

emanating from the heated glass.
exposed similarly.

Fur~ce workers are

He further states that electric

shock may be responsible for the production or cataracts.
In a discussion of the pathological action of
radiant energy on the ocular apparatus, let us first
discuss its_ action upon the lens capsule.

The longer

wave lengths produce a thermal action on the lens capsule which can readily be obtained experimentally.
Tissue death is induced by coagulation of the proteins
with subsequent exfoliation of the cells.

When in

sufficient intensity, the shorter wave lengths produce
a typical abiotic effect.

This isnot obtained unless

a critical exposure is given, since with great intensities of radiation the cornea turns opaque and protects

79

the underlyingstructures, while with lesser intermittent exposures the factor of physiological repair in the interval comes into play.

After short

exposures swellingof the cells is the only change
noted; further intensities involve the appearance of
typical eosinophilic and basophilic ce l ls associated
with abiotic reaction; more prolonged and intense
exposures induce nuclear pyknosis.

Round the periph-

ery of the eJP osed areas, just underneath the pupillary marg in, there 1 s a zone of cellular proliferation surrounded by an area of marked karyokinetic activity.

This has been variously exp~ained as being due

to compression of the marginal ce l ls by the central
swollen cells (Hess), which cannot readily explain
the nuclear activity; to stimulation due to submaximal damage (Martin), an assunption difficult to accept
since no short waves can penetrate the iris overlying
the affected areas; and to the acti on of toxic substances
diffused from the injured iris cells (Verhoeff and
Bell), which does not exp lain its strict localization.

In all probability the changes are due to

stimulation ofcellular activity by the heat which
is absorbed in quartity by the iris pigment, which in
this region comes into direct contact with the lens

_..

--
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·capsule.
The action of radiant energy upon the lens substance is to produce opacity, or so to increase the ·
lability of the colloidal system that the formation
of opacity is more easily produced by other influences.
Since .the fundamental happening in the formation of
the opacity is the coagulat _ion of the lens proteins,
this phenomenom will first be discussed.

According

to the most recent ideas, proteins may be changed from
the colloidal to the particulate form by two distinct
processes: precipitation and coagulation.

Precipita-

tion, which is brought about by the action of concentrated salts such as annnonium sulfate or by alcohol is
a reversible and purely physical change whereby aggregates of chemically unchanged particles are thrown out
of colloidal solution in a condition capable of reversion
to their .original colloidal state; with this we are probably not concerned in the development of cataracts.
Coagulation, on the other hand, is a complex process
which takes place in two stages: (1) denaturation (Chick
and Martin-1910), whereby the natural protein is chemically
altered to a form in which it is readily coagulable; 2)
agglutination, a physical process whereby coagula are
formed by floccuation of the denatured particles.
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The intimate nature of the primary chemical change
of denaturation isnot yet cleared up.

Chick and Martin

bonclude that it is a reaction between the natural protein and water.

This, accordingto Paulli (1910) and

Robert son ( 1911), is a dehydration, involving the .formation of an internal anhydride by the elimination of water
between the terminal NH2 and COOR groups of the protein
chain, with a possible tautomeric ketoenol transformation
in the peptide linkages .

Harris (1922), however, has

brought evidence to show that it is more probably an
hydrolysis involving the production of a sulfhydryl
group from the thiopeptide linkages.

In the development

of cataract a considerable amount of hydrolysis· of this
type takes place, since in the aqueous of cataractons
eyes dep osits of tyrosine seem to be frequently found
(Burdon-Cooper, 1914), while the pigment found in the
so-called black cataracts is melanin, an oxidation product of tyrosine (McHarcy, 1882).
Three aspects of this reaction are of especial
interest: 1) the factors causingit, 2) its time relations,
and 3) the influences which may aid or accelerate its
development.
Coagulation appears to be brought ab out under
suitable conditionsby any form of radiant energy, and
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moreover, by mechanical stress.

The most oo mmon and

best known form in which this energy is received is
heat; visible light also brings it about; coagulation isalso induced by ultraviolet and by radium.
In the case of the shorter wave lengths, theprimary
action of denaturation is not identical with that caused
by tm longer heat waves.

Thus in place of the higi

temperature coefficient, which characterizes the reaction to heat, denaturation following exposure to
ultraviolet light has a very low temperature coefficient.

In the last analysis, however, both are identical

and the second process of . agglutination is never photochemical, but is a spontaneous consequence of the thermi
or photochemical denaturation which proceeds it.

Coagu-

lation is further produced by energy imparted to the
molecules of the protein by mechanical shock, such as
agitation, or by the application of any undue strain
or of great hydrostatic pressure.
The time factor in the process of coagulation has
often been brought foreward as an objection to any theory
of cataract formation by the direct influence of radiant
energy.

On

comparing the coagulati on of proteins in the

test tube or the experimental production of lenticular
op-acity in the laboratory with the extremely slow and
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- ,gradual development of the usual form of cataract,
and even of such forms as glass blowers' cataract,
it has been felt that the difference in time puts
tm two into entirely different categories, and has led
to the theory at present generally accepted of indirect
malnutrition.

Such an objection, however, does not take

cognizance of the chemical nature of the processes involved.

Chick and Martin have shown that the process

of denaturation is a chemical process of the monomolecular order, and that upon it the effect of temperature
is merely acceleratory.

Accord:tg to these observe rs,

it is an orderly time-process, influenced by temperature
according to a logarithmic law which is represented fairly exactly by the equation of Arrhenius, and the so called "Coagulation temperature" of various proteins merely
depend on the extremely high temperature coefficient
(1.91 per 10 C. for albmnin) possessed by the reaction.
With rising temperature a critical point is reached at
which the energy sup p ly is sufficient to impart a velocl.

ty capable of a:> mpletely overcoming the existing forces

tending to stability, and the reaction, hitherto slow,
suddenly becomes so rapid as to appear almost instantaneous.

Incident energy, therefore, in the form of heat,

light, etc., in sufficient intensity acts as a catalyst

I
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, to the chemical action of denaturation, without which
it would proceed infinitely slowly.

On this ground

n

alone, the time objection is redered invalid.
There is, however, another factor which probably
is ofmore importance.

The two processes of denatura-

tion and agglutination which together constitute coagulation are distinct, and while under the usual experimental conditions they occur practically simultaneously, they may be separated by a time interval of
theoretically infinite duration.

The influx of radiant

energy may induce denaturation and induce itover a very
long time interval, and the denatured protein my

then

re•tin unagglutinated, leavingthe medium of which it forms
part transparent until Sl.Ch time as suitable conditions
induce flocculat ~on and consequent op acity.

It is here

in all probability that any influence of malnutrition
may play a part in cataract formation as a secondary
factor.

Thus Mond (1922) has shown that after ultra-

violet radiation, such as will not produce coagulation,
proteins show definite physical and chemical changes,
and exhibit a decrease in stability, b ecomi ng more labile
and more readily coagulable by various agencies.

Corres-

pondingly in the lens, Burge claims that if a lens after
exposure to ultraviolet radiati on wh ich left it still cle ar,
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be immersed in certain salt solution of concentration
which left the n ormal lens unaffected, it turned opaque.
The clear and apparently unchanged lens is the refore modified in sich a way by radiation that its proteins are
readily coagulated by small changes in the salt concentration of the medium in which it lies •• An analagous
clinical occurrence, referred to previou sly, is the fact
that in India, where the eye is exp osed to excessive solar
radiation, and where cataract is common, the lens while
yet apparently normal frequently is darUy pigmented with
melanin.

Adams (1) noted that after 'e xposure to heat or

ultraviolet radiation the lens, while yet clear, showed
a decreased glutathione content.
The main factors influencing the incidence of coagu~
lation are the concentrations of salt and hydrogen ions.
The primary reaction ofdenaturation itself in~ lves a
change of reaction dependingon thepH of the medium.
and tm maximum rate of agglutination of the denatured
protein occurs at the isoelectric point, because the state
of dispersion of the particles is due to their mutually
repulsive electric charge, which at the isoelectric
point is neutralized.

Correspondingly, Goldschmidt

found that the reducing power of the lens was very
sensitive to changes in reaction, disappearing if

I

_7 , ,._

the medium was more acid than pH~-
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He suggests

that the most probable cause of all cataracts other
than traumatic is a gradually rising pH, thus upsetting
the autoxidation system.

But the pH of the aqueous

appears to be fairly constant at 7.3 to 7.5, and in
cataracts is has been invariably found to be alkaline
(Burdon-Cooper, 1914).
The other secondary factor of great importance
is the salt. concentrat i on.

In the process of agglu-

tination the electrolytes act by altering the reaction
of the protein-containing medi1mi, or by neutralizing
or increasing the electric charge carried by the protein particles according as the charge on the protein
is of similar or opposite sign to that carried b y the
more potent ion of the salt.

Schanz found that the

addition of salt to pure protein increases its power
of absorption of light, and the great effect of the
presence of salts, particularly the calcium salts, upon
tm formation of

lenticular opacity by ultraviolet

light found by Burge has already been alluded to.
Glucose and acetone seem to have a similar sensitizing
effect.
Apart from this influence in associati on of light,
salts can have no

direct precipitating action on the
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lens protein in vivo, since they could never accumulate
in sufficient concentration.

Thus it re quires a 2.25%

solution of calcium salt or 5% solution of glucose to
induce opacity in the lens.

They have, however, a

further and very important influence in determining os111~~~
change.

The lens, surrounded by its capsule, forms a

separate physico-chemieal system from the aqueous.
Its chemi cal composition is widely different, while
its osmotic value is equivalent to

at%

solution of

NaCl, wmreas that of the a queous is equivalent to a
0.9% solution.

Owing to the tonic pull on the capsule

by the ciliary muscle the interna l tension of the lens
is kept at a higher level than that of the aqueous, and
therefore, while flui d ·mayopass out by filtration and
diffusion, it can enter only by osmosis.

To form an

intelligent picture of the maintenance of the intravitam e quilibrium we must postulate some forces acting
the manner of a semipermeable membrane, and work must
constantly be being done b y osmosis acting against the
filtration pressure induced by the tonic pull of the
ci~ry muscle.

That his mechanism is the lens capsule

is seem by experiment, for on damag i ng it experimentally
or in the operation for the maturatj_on of immature cataract, or on rupturingit as in needling, the lens behaves
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as does the dead lens--it putson weight by the addition
of a" ueous, swells, and turns opaque.

The normal ne chan-

ism is therefore deranged and the aqueous will enter 1)
if the difference between theosmotic pressures is increased; 2) if theinternal tensi on of the lens is lowered
or the intra-ocular pressure is increased; 3) if the vitality of the semipermeable membrane is lowered or its
continuity broken.
This last does not necessarily depend on any gross
pathological change such as we have noted to be produced
by the massive radiation of thermal or actinic rays, but
would appear to be a very wide-spread physiological phenomenon in nature.

In its effect on the turgor of plants

it is responsible for the heliotrop ic curvature.

In its

preferential permeability the lens capsule resembl es
closely the erythrocytes, and ultraviolet radiation is
known to alter this permeability.

The percentage of total

potassium falls in the lens in cataract and the loss of
soluble protein and glutathione in the cataractous lens
has already been referred to.
As we have mentioned previously Peters was first to
advance the hypothesis that senile cataract was due to
disturbed nutrition owing to disturbed nutrition in the
ciliary epithelium.

Van der Hoeve suggested in 1912 and
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later in 1918 elaborated the theory that the light, which
was dispersed in itspassage _through the lens, on falling
upon the ciliary body, would cause minute damage of such
a nature that could not be detected clinically or microscopically, and that this would resu lt in imp aired nutrition and consequent degeneration of the lens.

It is

difficult, however, to believe that the ciliary body of
all cataracto~s persons is diseased, and moreover, the
same arguments apply to the present case as we have considered in the discussion of occupational cataract.

The

fact that 65% of persons between 51 and 60 years of age
(Horlacher, 19 18) and 96% of those above 60 (Barth, 1914 )
have lenticular opacities detectable by the slip-lamp
would seem to be more probably explained by the known and
experimentally proved action of radiant energy on the autoxidation system of

tra

lens and the stability of its collo-

id system.
T~ mechanism therefore of opacity formation by
radiant energy is, in the first place, the entrance of
fluid in quantities sufficient to form vacuoles between
the lens fibers; these be i ng of a refractive index different from that of the lens substance disperse the light,
and the lens, while its fibers are still clear, a~p ears
opaque. Later and more slowly coagulation of the proteins
occurs, a process in which it is probable that one or other
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or all, of the following factors act--mechanical strain
on t he fibers inducing denaturation oo mp arable to the
effect on the surface of a $Cap bubble or at the interface between two irmniscible liquids, a change in sal..- concentration and reaction, and a diffu sion outwards through
the now

11

permeable 11 capsule of the diffusable substances,

which iniude both active parts of the respiratory system-the glutathione and beta crysta.11.in ( 18).

Cataract Associated With General Disease
The third great group of theories in Parson's
classification is that group which isconcerned with
changes in the general system which are associated with
cataract fortm. tion.
Von Michel related the etiology of senile cata-

:,

-ract to sclerosis of the carotid, which is sometimes
unilateral and sanetimes bilateral.

The want of uni-

formity in the development of senile catract in the two
eyes may be attributed to this.

He reasoned that as

metabolism was influencedby blood supp ly, and that as
the circulation of the eye was in direct communication
with the «•~a supplied by the carotid, disturbances of
circulation in the eye influenced it, and particularly
the lens.

He suggested other associations than those

att:ributable to the circulatfon

SI ch

as prolonged gene-

ral disturbance and 111 health, with depravedoonditions
of the blood.

Although atheroma of the carotid has not

been found clinically the cause of cataract, even
Becker admitted a morbid condition of the blood vessels
is of importance, and it is to Von Michel's credit that
he pointed this out (12).

Huizinga (29) states that

sclerosis of the blood vessels, especially of the capillaries and endothelium, can resilt from disturbed inner-

92

-vation and that such sclerosis may be a factor in senile
~-1

..

cataract.
Burdon-Cooper (12) mentions deficient function of
the kidneys as an etiological factor in the disease.

He

alludes to Fraenkel's work in attempting to definitely
clear up this point by testing the penetrability of the
kidneys by injections of methylene blue, and he has studied extensively the bear i ng of arteriosclerosis, blood
pressure, and kidney disease on cataract.

The conclu-

sions reached were that senile cataract was seldom accompaned by hypertension, and that when this latter was
always met with, the r e existed a general affection, which
by itself, was the cause of it, namely, nephritis or diabetes.

Age and sex he found had no influence on hyperten-

sion, as was shown by Montier.

If it be true, as was sug-

gested by Potain and Huchard, that arteriosclerosis is
always accompanied by a certain degreeof hypertension,
then it can be affirmed that spontaneous cataract does
not habitually accannany arteriosclerosis, and that the
latter does not in any way affect its production.

Fraenkel

also showed quantitativemodifications in the mineral elements of the urine with considerable diminution in urea
and increase in chlorides.
Grilli, employing the cryoscope, showed that osmotic
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pressure of the urine was much lower in cataract than in
normal.

He concluded that there was diminution in toxi-

city of urine, and that cataract occurred in individuals
with senile kidneys.

Axenfeld (6) and Beck (8) agree

with the idea that deranged kidney function is a contributing cause in senile cabract, the former of these
two specifically mentioning phosphaturia _as the offender.
He states that Tei s sier detected in twenty patients suffering from phosphaturia three wtth cataract.

H. Dor

investigated this subject in 1877 and found that the
normal amount of phosphorus excreted in normal ur i ne
was ab out 2 .5 grams/ 11 ter, 3. 75 grams/liter during the
twenty-four h ours.

During observation extending over two

years, he found seven cataractous patients whose lentirular opacities could be attributed on l y to their phosphaturia.
Both Fraenkel and Guaripui, after study of efficiency
of the kidney in cataract, concluded that the kidney does
not eliminate in the ordinary way toxic products elabDrated by the organism, but this inefficiency is unaccompanied by the uru.al clinical signs of kidney trouble.

It

is not a typical urinary inefficiency, but an intermediate
stage between the normal and one in which the kidney is
manifestly diseased.

From their work, they concluded that
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this state of the kidney had no appreciable effect on
tm general circulation.

Whilst urinary inefficiency

is alwaysproductive of increased blood pressure, the
latter is rarely found in cataract.

The diminution is

renal permeability inferred by Fraenkel is only detectable by cryoscopic methods.
Buro.en-Cooper cone ludes that there is a deftni te d..nefficiency on the part of the kidney in senile cataract
for the following reasons:

First, that the chemical ex-

amination of the lens in senile cataract associated with
definitekidney trouble has shown in all cases a larger
increase in tyrosine, and that the latter is more abundant

in such cases than in uncomplicated senile cataract.

Secondly, the marked similarity in the variati ons from
normal between the molecular concentration and surface
tension of the aqueous, and similar constantsof the urine
is so defined that it makes one think that the secretory
organ of the eye may have an analogous function to that
of the kidney.

It would seem that there is no reason to

admit the existence of a general or local arteriosclerosis
in any form whatever, either of big vessels orsmall, as
almost without excenti on senile cataract does not accompany general vascular

The presence and

~ccumulation of cytotoxins in the organism is probably a
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constant physiological phenomenon without detriment to
the lens, unless there is inefficient destruction or elimination.

It is highly probable that to heredity is to

be attributed the predisposition to the accumulation of
_cytotoxins of sufficient d egree to produce cataract and
an inefficiency of the. regulating organs on the general
economy, such as the kidney. (12)
Regarding autotoxemia and intestinal toxemia in
particular, Professor Lewis, sneaking some time ago on
the etiology of lenticular changes, stated that every
patient presenting such a condition of the lens was suffering from intestinal toxemia.

In a seri e s of a hundred

cases of incipient cataract taken at random to test the
accuracy of this statement, Burdon- Cooper found that
80% had a well marked indicanuria ( 32).
· Much has been written upon the relation of diabetes
and disturbances of carbohydrate metabolism to the etiology of senile cataract.

As early as 1834, Berndt

reported diabetes as the cause of cataract.

Weir Mitchell

stated, in 1860, that it is possible that the long continued presence of even a small amount of sugar may cause
chRng es in the lens p roductive of opacity.

Others have

-

shown since that the cause was not so much the preEence
of sugar in the intra-ocular fluids as the vicious influence of the diab eti c stat e on the whole uveal tract( 3 2}.
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Duke-Elde~ differentiated two t ypes occurring in
d iabetes:

1)

senile cataracts appearing more frequent-

ly and at a relatively early age;
characteristic form of the disease.

2)

more rarely, a
Burdon-Cooper , (12),

Beck (8), Ball (7), Campbell (13), Kirby and Weiner (36,
37, and 38), O'Brien (44), and Shas t id (49) have all done
considerable work on the etiological relation ship between
diabetes and carbohydrate metabolish and senile cataract.
Burdon-Cooper (12) states that regressive changes in
metabolism and senile cataracts are invariably associated, and thus it would app ear that senile cataract is
a specific metabolic disease.

Diabetes is a di s.ease in

which there is great change in intermediary metabolism,
and it is p ossible that both may own their origin to the
same substance.
Beck (8) states that diabetes 1s merely one form
of toxic cataract, while Ball (7) concludes that there
is a definite causal relationship between diabetes and
cataract.

Campbell (13) mentions the fact that a dis-

turbance of carbohydrate metabolism is directly related
to the clinical problem of diabetic cataract.

The rapid

changes in refraction which can accomp any a rise or fall
of blood sugar in the diabetic patient are well known,
and it is generally accepted that the developement of
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c ataract in a young diabetic is a bad prognostic sign.
Mitchell and Dodge (1935) accidentally observed m~ture
cataracts in three rats on a diet of 70% lactose, and
investigated the effects of high carbohydrate intake.
All showed some l ens changes, which in about half of
them developed into mature cataracts in ten weeks.
dition of calcium gluconate had

Ad-

no appreciable effect.

With lower pe rc~ntages of lactose, t he cat aract developed more slowly and fewer become mature.

Rats sub-

jected to the diet · at an early age were more suscep tible than older rats.

Other sugars had no effect.

An

increased calcium content was found in the lens but not
in the blood or bones.

Lactose has some association

with calcium metabolism and is said to aid the absorption of calcium from the intestines(Berg eim, 1926 ) and
to have a favorable effect on the calcific~tion of rachitic bones, so t:ta t it is quite p ossible that this sup.; ar
has some effect on the permeability of the lens cap sule.
Use of such hi gh percentages of sugar to produce cataract is certainly open to ·criticism, but one must remember the high level often reached b y t he blood sugar in
diabetes.

Kirby and Wiene r summarize their work by st at -

ing that an abnormal lowering of t he carbohydrate metabolism seems to be a rather common complication of old
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~ge and hence i s often present concurrently with othe~
phenomena of this period of life, among which abnormal
senile changes in the eye must be reckoned.

These con-

ditions are signs ofage, that is, changes in vital processes foreshadowing the cessation of life for the total
organism.

They are not cause and effect, but are the

expression of the same function, the aging of the person
as manifested by seni_le deterioration in the organs. and
parts of organs of differing vitality composing the whole.
Ten of the patients of these two authors were known
diabetics.

Of the remaining fifty-four, 20% on the in-

gestion of dextrose gave blood sugar curves normal for
old age; 1 3% showed an abnormal response of the capillary concentration of the blood sugar; 31% showed a definite retardation in the removal of sugar from the blood;
and 36% had blood sugar cu rves that could be classified
as the diabetic type.

Hyperglycemia in elderly people

with cataract seems to be merely another expression of
the diminished runction of old age.

The prevention of

abnormal increase in the blood sugar by proper diet may,
however, offer an approach for their treatment and is
bound to be beneficial so far as the local nutrition and
maintenance of transparancy of the lens are concerned.
Howev.er, the hyperglycemia, if not so prolonged as to
produce an abnormal elevation of the aqueous sugar or
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to enhance the vicious influence of other factors of
the diabetic state on the whole organism, can hardly be
considered as the cause of cataract in these persons.
If the hyperglycemia is prolonged; the patient is in
the diabetic class and should be considered and treated
as a di abetic.
Kirby and Wiener (38) attempted to demonstrate the
effect of chang es in medium on cultures of lens epithelium.

They found that the lens ep i thelial cells in

vitro can withst_and chang es in the sugar content of the
nutrient mediums such as are no t met with in the living
body.

They conclude furthe r· that '· bhe ketone bodies,

acetone, and betaoxybutyric acid, p roducts of an altered fat metabolism associa-ted with d iabetes, p rov ed toxic
for lens epithelial cells at concentrations met with in
moderately s efe?-e diabetes.
O'Brien (44) concludes from his study that a hyperglycemia exi s ted in about one-half the cases in a
series of 218 patients with adv anced seni.le cataract.
It appears that abnormally h i gh concentrations of sug ar
in t h e blood may have a bearing in many ca s es on etiolog y
of senile cataract.

Shastid (49) rep ortWparadoxical~

senil e cataract which, insofar as he is able to determin~was improved b y diabetes.

The pati ent a man of

fifty-six, had a decided perinuclar cataract with a few
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ma r ginal spokes in each ey s .
ment.

He refused the usual treat-

Three years later, he returned for a chanFe in

glasses, and meantime had acquired a rather severe case
of diabetes.

His lenticular opacities had disappeared

without trace, and instead of plus 2.75D for reading , he
needed only plus 1.75D.

Shastid states that h ad the man

taken treatment, he should have had a r ecord of a brilliant cure, and in consequence shoul d have been completely confused in all his calculation s about cataracts
for a long time thereafter.
Duk e-Elder has already suggested that in the rising
concentration of sugar in diabetes, provided the available water reserve is maintained, the o~motic pressure
of the aqueous tends to decrease; fluid then tends to
flow into the lens.

If the process is relati.vely mild,

the lens swells and is deformed and its curvature and
refractive power are increased, and the eye tends to became myopic.

If, however, the c hang e is greater and the

inflow of fluids more rapid, actual droplets are formed
under the capsule and the transparancy of the lens is impaired by the irregular reflection of light at the interfac e s b e tween the two media of different refractive indices.

Vacuoles have been noted in the lens in acute

diabetic myopia (Lundsgaar and Strickler), and they are
se en in typical di abetic c a taract (Schnyder ) .

Comp iete
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opa c i ty may develop with great rapidity (33).
That disturbances of fat metabolism may be related
to the etiology of senile cataracts has been suggested
by many authors.
origan.

The lens is entirely of epithelifal

Owing to protein disintegration there may be

formed or deposited secondarily , certain fats or products of fat metabolism.

Cholesterol, for 6 to 7% has

been found in cataracts by Zehender and Mattieson, and
also by Jacobson, Kuhne, and Leber.

Burdon-Cooper (11)

found more cholesterol in diabetic cataract than in any
other type.

It represents most probably a reduction pro-

duct which was previously formed acid.

O'Brien and

Myers (43) report chemical blood analyses on a s eries
of fifty-four cases of cataract.

The observati__onsfn

the blood were essentially normal except for the cholesterol which has somewhat increased in 52% of the cases.
Bedell (9) reiterates the statement of several other
authors that choles~ol increases in concentration in
the lens that increasing age, and t hat choles~ol is more
abundant in the cataractous lens that in the normal.
Heath stated, in general, that lipoids (except , soap)
are insoluble in water.
cell i.s necessary.

Their presence in the living

They are normally found in substan- •

tial percentages in blood ~nd fissue ' tn · a state of fine
emulsion and b alance .

Certain metabolic reactions, such
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a s the chemistry of aging, henedito-familial and endocrinologic factors, vascular lesions, and stasis, disturbthis emulsion.

Its proportions end concentrations

are altered, the emulsion coarsens, and the larger particles become foreign bodies in effect ( 33 ).
Siegrist (52) quotes Peters who in 1898 demon str ated two women of middle age, one of whom suffered from
cataracta nuclearis, the other from right total cataract.
Both had, :. suffered from typical tetanic convulsions.

Thus

he was the first to suggest the possibility that cramp
of the ciliary muscles causes a disturbance in nutrition, and that there was possibly an etiological relation
between such spasm and senile cataract.

The food ·supply

becomes inadequate b ecause of the tetanic cramp in the
ciliary musculature and the nucleus shrinks.

Von Hipple

replied that if such is the ca s e, the action of strong
doses of eserine should also cause opacity of the lens.
To this Peters answered that toxic quantities of eserine
would be necessary, but according to Stegrist this reply
is not satisfactory.

Thirty-eight cases of knows post-

thyroidectomy tetany with cataract have since been published.
Eiseman and Luckhardt simulated the symptoms of parathyiod deficiency in dogs, producing tetany by intraven-
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qus injections of otl of wormwood and bysubcutaneous injections of strychnine sulphate without produc~ng cataract in any of their animals.

They also lowered the

blood calcium by intravenous injections of sodium oxa late and sodium acid phosphate without producing ca·t a.racts.

In nearly all the clinical histories of the

patients with post-thyroidectomyeataract, however, there
have been convulsions before t he opacities of the lens
develop.

There have also been reported occurrences of

ergot poisoning followed by cataract.

The action of

ergot is on smooth muscle, af f ecting probably the smooth
muscle of the ciliary body to produce interference with
the formation of the aqueous (33).
Many authors have noted a modification of the calcium metabolism in persons with senile cataract.

Fischer

and Triebenstein examined 68 cases of senile and presenile cataract and claimed to have found evidences of
tetany in 88.2%.

E. Tron and Pallathy and Polichova ,

using different methods studied the blood serum calc1um
in patients with senile cataract, but could not confirm
the association with parathyroid defl iciency. There was,
•
however, considerable d e fference in their results, but
they indicated an exces s rather than deficiency in cases
of cataract.

Burg e found that the calcium in the crystal-

line lens was increased fr om a very small amount in the
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normal lens to a relatively large amount incataract,
12.5% of -the ash of the cataract.
The presence of increased· calcium in cataract is
either primary and an actual etiological f actor in producing opacity of the lens or secondary to local tissue
changes which exist in the lens regardless of the calcium
content of the serum, aqueous, or ens.

If it is primary,

it is intere st ing to speculate on the possible mode of
action in the production of opacity.

It might act:

A)

In reducing t he permeability of the lens capsule.
Friedenwald demonstrated that in vitro calcium has this
action, and he has shown that under other conditions it
takes only a relatively slight reduction in the permeability of the capsule of obstruct the metabolic processes
of the ~ns sufficienty to cause cataract.

B)

In sen- .

sitizing the protein of the lens for an abnormal action
of ultra-violet rays.

-

Bur~e found that in vitro
the
.

protein of the lens could be so influenced by calcium
that ultra violet rays would act to precipitate it, but
he concluded that the concentration of calcium and the
amount of li ght necessary to product this in vitro were
not found i n ~ •

C)

In altering the colloidal system

of the lens, so that precipitation of the protein occurs.
Finally, it must be rememb ered that there is no direct
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evldence that the calcium of the lens is increased before
cataract f orms ( 33}.
Adams (4) presents the following findings after extensive study of the role of calcium in senile cataract:
1)

In patients with senile· cataract the serum

calcium is appreciably higher than normal.
2)

The " e is no age variation in the ser·um

calcium either of normal subjects or of those wi t h senile
cataract.
3)

Calcium salts acting on fresh ox lenses do

not cau s e op acity except in unphysiolog ical concentrations,
,nor do they act as sensitizers in the production of senile
cataract by ultra-violet radiation.
4)

Dialyzed solutions of the lens protein s ,

alpha and beta crystalline, exhibit a certain sensitivity to solutions of calcium salts.
5)

The experimental production of a persisten-

~y raised blood calcium in rabbits does not cause cataract, nor accelerate the development of naphthalene cata-

ract, although it causes a corresponding rise of calcium
in the aqueous humor.
6)

There is no ag e variation in the calcium

content of normal or cataractous human lenses.
7)

The calcium content of cataractous lenses

is much greater t ha n that of normal lenses, while the

~.
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j>-0-tassium content is considerably less.
8)

Individual cataractous lenses show a wide

variation in calcium content, which may be attributed to
an erratic local deposition of calcium, for which there
is also some histological evidence.
9)

Although there is an increase ·of ealcium

in the blood o.f patients with senile cataract, and an
abnormal deposition of calcium in the lens, it cannot
as yet be proved conclusively tat the increase in
calcium is a primary factor in the actual production of
opacity in the lens.
Kirby ( 35), Burdon-Cooper ( 11), and Campbell ( 13 )
all concur in the opinion that an altered calcium-phosphorus balance is contributory to the etiology of senile
cataract, or if they do not express this opinion precisely, they at least admit a deranger calcium metabolism.
Salit and Matill reported that the examination of
five human lenses in the early stages of cataract did
not show any calcium.

This finding is important in rul-

ing out an excess of calcium as a factor in initiating
the cataractous process.

One must feel for various

reasons that the increa Re in calcium in cataract is not
primary, and that it is not the cause of cataract, but
that it is a coincident or secondary change that takes

107

place with the follows or other alterations in the lens.
The calcium is adsorbe·d to the large molecules of the
lipoids, and the calcium is then deposited by a change
in the pH toward the alkaline side.
Evans and Kern in their experiments produced cataracts by removing the parathyroids, and found changes
in the mineral content of the cataracts, in calcium,
magnesium, potassium, phosphorus, and silicon, as

c,,om-

pared with normal, similar to the changes described by
Burge in human senile cataractous lenses--changes which
have been alluded to previously.

Therefore, they express

the belief tha t serious consideration should be given
the matter of dysfunction of the parathyroid glands in
the etiology of senile cataract.

Kirby, however, found

that there is no evidence of calcium deficiency as far
as the values for blood serum are concerned in cases of
senile cataract ( 33).
Siegrist has advanced an hypothesis based on endocrine dysfunction.

The importance of endocrine sec-

retions in cataract has been proved by the ~emoval of
the parathyroids.

The whole body is influenced by end-

ocrine secretion, and youth and a ~e itself are merely
stag es of its function.
is an excepti.on.

It is improbable that the lens

Steinach has def,initely proved, by his
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op..e~ation, that gonads influence youth and age.

Harms

said that he repeatedly saw that after the transplantation of a testi? in dogs, cataract disappeared and the
lens became clear.· However, Siegrist expressed the
belief that this has no value, because ocular examinations done by investigators other than oculists are not
reliable ( 52).
Asher (quoted by Siegrist) found that up to 50
years of age, men and women suffe r alike from cataract.
After this age, women are more often afflicted.

H~ ex-

amined the eyes of 24 women whose ovaries had been removed, and found that all of the lenses were clear with
the e:xcent:ton of ·four in ·,;bicb t he re were small, equatoriel ,opacities .

H.sher fur ther said that there. is no rea-

son to presume that cataract should be due to the cessation of the ovarian function.

Siegrist said tbat the

. -,e.

influence of slow senile dege~ation of the ov 4ries on
the organism need not be identical with the sudden cessation of a l l function b y tbe total removal of the
ovaries.

Gallus expressed the opinion that the climac-

terium in a women favors the formation of cataract ( 33).
Siegrist (52) reports the work of Fischer who closely watched 38 patients with myotonia atrophica, 92% of
whom suffered from cataract.
ested in this condition.

I

Vogt was very much inter-

He found that in eight lenses
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r emoved from five pr sons, the opacity was caused by mases of small spots in the cortex which he thought might
have been cholesterol.

J. Hof fmann described five cases,

and referred to the ancestor of one family with myotonia
atrophica associated with cataract.

However, his own

conclusions were that there is no special connection.
Curschmann (quoted by Siegrist ) said that it is
easily believed that auto-intoxicat i on is the case of
cataract, especially in myotonia, and that one should
watch endocrine secretion more closely.

There also may

be a relation ship between the lens and the nervous sys t em.
In one of his cases myotonia started with the symptoms
of tetany.

CHAPTER IV
MISCELLANEOUS THEORIES
In the preceding several chapters, theories which
have attained a rather well narked degree of acceptance
by ophthalmologist and research workers in senile cataract have been briefly reviewed.

In this chapter it

will be our attempt to mention certain miscellaneous
theories, the acceptance of which has not been so widespread, perhaps because of obvious fallacy in experiment
or logic, perhaps merely because of "poor publicity. 11
Although it is considered in this paper a member
of the miscellaneous group, Roamer's theory of specific
cytotoxins in one which has received a rathergood share
of attention.

Roemer considered senile cataract a

specific metabolic disease, the outcome of a cytotoxic
process occurring in the epithelium and lens fibres.

He

says that cataract is nothing else that a physiological
death of the protoplasm, and to say that the life of the
cell ends sooner in cataract than in patients without
it is not sound reasoning, as in subcapsular cataract
those parts of the Jens which we mi ght reasonably suppose to be physiologically dead are, through the normal
process of the development of the nucleus, just those
parts least affected by the cataractous process.

The
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the disease is in the younger cortical fibres.

It is probably incorrect to assume, as has been done,
that senile cataract is nothing more that the sign that
the predetermined life of the cells ends sooner in some
persons than in others.

The occurence of constitution-

al cataract in early life when the cause is certainly

not the lack of nutriment, makes it probable that it is
not the sole cause which renders the lens cataractous,
nor is there any undue evidence of marasmus or other
sign of faulty nutrition, and the nutrition of old age
is often quite enough to suffice for the needs of the
lens.

If it is due to lack of nutriment from the sec-

retory organ through senile chanr es, we are faced with
the fact that there must be many eyes where senile
ch8nges are present and yet such have no cataract (12).
The conjectures ·of Roemer as to the action of specific lentotoxins in causing cataract are interesting.

He

compa:ed the~ ns to a red corpuscle haveing a surrounding membrane which impedes the diffusion outward of important constituents.

When the hemoglobin has passed

out of the erythrocyte, the cell is dead; so, too, when
in cataract the soluble proteins have disappeared from
the lens, it is an expression of the death of the lens
fibres.

Previous observations in hemolysis have shwon

that isohemolysins can be formed e.g., in the goat
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. (Ehrlich and Morgenorth); auto-hemolysins, on the other
hand, are formed only under p athologic circumstances~
If autocytotoxins occur, it mi ght be expected that they
would be a sign of senile change, ~or atrophy and degeneration of tissues are the common features of old age.
If lentotoxins occur, it is necessary that they a re not
able to reach the lens, or rather that the lens is protected from them under normal ci r cum s t ances.

It is only

when the ciliary epithelium is deranged that they go
through into the aqueous.

There they may be able to

enter the lens and act by specific fixation of the lens
cells or protoplasm.

As soon as this occurs, the cells

are poisoned or the protoplasm changes so that abnormal
osmotic conditions prevail and opac :1.t:r is p r oduced.
Mij ashi ta and Bingers ( quoted by Siegrist) ' showed that
there is no absolute retention of cytotoxin, because
receptors of the third order pass into the humor of immunized animals (33).
Salus considers Roemer's receptors are lipoids, but
Roemer prefers to think otherwise.

Ulenhuth has prepared

specific antisera for the lens albumin; such presupposes
specific receptors, but while these have b een prepared
and used, it is only right to say that little success
has been achieved and opinions at variance with Roamer's
are current (12).
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It is interesting to note that Curtis (15) writing
in 1835 besides mentioning the more than average incidence of cataract in men exposed to much heat, also
mentioned it high incidence in t hose who
liquors, sour wines, etc., as at Vienna. 11

11

drinl{ strong

He go e s on

to say that it has been alleged that the use of rice in
the diet tends to produce cataract, because thi s disease
is found to prevail in Turkey, Hnd in some other countries
whPre rice is much used.

He says that otmrs deny this,

and impute the effe ct to clima te, or the the use of opium.
He relates the stroy that the mast e r of an American vessel
stated, that in a. homewa rd voyag e from India, in which
rice was much used on board, most of the American s eamen
were a f fected with weakness of the eyes; but none of the
Lascars, who had been acc u stomed to it from infancy.

He

lastly mentions sudden application of cold to t he extremities and '' "imprudences of various descriptions" as
important etiological factor.
Huizi~ (29) considers nasal infection an important
etiological factor.

His work is based on t he antidromic

action of the fifth nerve.

He says,

11

No{ only can n es al

irrit ati on caus e asthenopia, irritations, congestions,
and degenerative processes of the eye, but corneal ulcerations and other congestions may p roduce edematous conges
tion of the nasal mucosa accompanied at times by violent
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sneezing, especially when the eye is opened and exposed
to ld.ght~ 11

He also considers ethmoid sinusitis a cause

for the stimulation.

He directs attention to the fact

that the fifth nerve is extremely subject to infl~tions,
the result of local infective processes; that repeated
or long continued inflammations , the result of local infective processes; that repeated or long continued inflammatory conditions of this nerve will ultimately bring
about such changes in its structure and function c s to
seriously interfere with normal cell metabolism in the
eye and particularly in the region of the ciliary body.
He concludes that if to the factors presented is added
the factor of decreased cellular resistance due to senility that an adequate etiology for the production of socalled simple senile cataract has been presented.
Krause (40) simply concludes that the formation of
a senile cataract is best explained on the basis of
biologic process of senesence.
Smith (53) states that induced hyperemia reestablishes the physiological condition of the metabolisJ ing
mechanism thus implying that a local anemia was p~~aps
responsible for the production of the non-physiological
condition.
Wright (62) enumerates affections of practically
every organ and structure in the human anatomy as having

115
a poss~ble influence on the development of cataract.
Bourne and Campbell (10) have associated the etiology of senile cataract with sane disorder of sulphur
metabolism.

This supposition was based upon two facts.

First, sulphur-containing compounds, such as cysteine
and glutathione, which are b elieved to play an important
part in lens metabolism, are known to disappear from the
lens during the development of cataract.

Second, there

is some evidence that the experimental cataract akin to
the human senil e type which can be readily n roduced in
rabbits by the administration of naphthalene, may be due
to the withdrawal of cysteine from the body as a whole
and consequently from the lens.

However, Adams (2, 3),

who has done extensive work on experimental naphthal~ne
cataract, does not mention this possibility.
Bourne and Campbell ( 10), however, state that e xperiments based on feeding sulphur-containing diets and recording the amounts excreted b y cataractous patients and
normal ones, while not lending any support to the hypothesis that a disorder of sulphur metabolism might be
the basis of the pathologic changes in the lens in senile
cataract, do not rule out the suggestion canpletely because the experiments are not sufficiently extensive nor
conclusive.
Healy felt that the central hyloid lymph canal may
exertadecidedly:. localizing influence in carrying toxins
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to the- posterior cortex where complicated cataract usually beings.

Duke-Elder is of the opinion that complicated

cataract is probably caused by malnutrition and the action
of toxins, acting directly on the ·1ens substance or indirectly by altering there permeability of the capsule.
It occurs typically in s low, chronic inflammatory conditions in the posterior cortex, because here the capsule is thinnest, permitting diffusion more readily, and
the vitreous membrane is attached here (33).
It is freely admitted that recurring uveitis, usually luetic, gives rise to cataract (12).

·1'

SUMMARY AND CONCLUSIONS
In a papen of this t 'fpe, because of the v ery nature
of the work, it is quite impossi~le to draw any real
cqnclusions.

No original work has been attemp~ed, no

scientific re a search or experiment has been done.

Ther·e-

fore in this portion of the pap_er, it will be the attempt
of t he author not to set forth any new and startling info rmat ~on regarding the etiology of senile cataract, but
r a the r to summarize briefly--to recapitulate--tne exi s ting theories in regard to this subject.
The vlder ~peories which were reviewed in this paper w ei.- e uf Cv urse promulgated before true scientific research begin, and thus were based almost entirely up on
observation and were derived from the limited facilities
which were available at the time of ~heir conception.
Thus they are rather unscientific and have long since
been supplanted by many others , more logical and more
scientific in character.
In this paper, the modern theories have been grouped into three large groups, the first of which are those
theories in which the cause of cataract can be found
within the lens itself.

Into this group fall such

theories as thet of heredity, which is mentioned by
many authors, and senesce~, which theory is gradually
falling int-e di"s'card, in the light of modern research.
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Excessive efforts of ace-ommodation, change in permea~ility of the lens capsule, irregular sclerosis of the
nucleus of the lens, changes in the lens proteins, al. lergy of the lens, and spontaneous precipitation of beta
crystalline are otlB r theories referabl·e to the 1-ens itself.
Theories in the second group--the physico-chemical
group--include the hypothesis that insufficient nutrient
material is present in the aqueous to furnish substances
essential to the proper g rowth and metabolism of the lens.
Into this group also fall the theories vhich are concerned with the effects of vitamin deficiency, and a very considerable amount of attention has been g iven this idea in
recent ye a rs.

Many have held that radiant energy exarts

a profound effect upon the ocular apparatus, and that _this
change alone is responsible for the physico-chemical alterations which in the end are productive cataract.

Some

beleive that li ght exerts its effect upon the k ns or the
capsule, while others contend that the t i4 the principal
111 effect is the damage done to the ciliary body.
Cataract has long been Rnnwn to be t associated with
certain g eneral diseases, such as diabetes, nephritis,
syphilis, etc., and with almost any other affection of
the eye, itself, and these views are maintained today.
But more recently, a theory ms b een put forth with at-
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tributes- crataract to sclerosis of the carotid or to
sclerosis of vessels within the eye in particular.
Kidney deficiency, of a sub-clinical level, autotoximia and intestinal toxemia, disturbances of fat metabolism, and tetany and other disturbances of calcium metahave all been mentioned.

A theory of endocrinologic

origin has attracted considerable attention, the parathyroids being the glands at fault in this instance.

The

ovaries have also been mentioned as a possible offender.
And the large mumber of cataracts which occur along with
myotonia congenita has suggested a causal relationship
between the two diseases, but because of the rarity of
the primary condition, such a suggestion is not particularly practical.
Roemer 1 s theory of specific cytotoxins has merited
considerable attention, but there is much disagreement
with it.

Nasal infections, local anemia, upset of sul-

phur metabolism, and toxic conditions, resulting fran
dysfunction of almost every organ in the body have all
been suggested as etiological factors, but the gross
portions of this work remains unconfirmed.
It should be obvious to the reader that when so
very many theories exist in regard to the etiology of
a disease, that the actual etiology of that disease is
unknown.

I

And senile cataract is certainly no exception.
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f lthough t he literature is voluminous and scB ntific and
clinical research has been, and sti l l is, proceeding forward with great strides, there still remains, as there
I

does : in almost ev e ry field in medicin~ a tremendous
amount of work yet to be done, befor e the question of
etiology is finally settled to satisfaction.

"
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